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Public Summary: Final Feasibility Study Report for Parcel E, 
Hunters Point Shipyard, San Francisco, California, 
August 2012 

The Department of the Navy (Navy) has prepared a Feasibility Study (FS) Report for Parcel E, 
Hunters Point Shipyard (HPS) in San Francisco, California. Parcel E includes about 139 acres 
of relatively flat shoreline arid lowland coast along the southwestern portion of HPS. Previous 
environmental investigations have identified chemicals in soil, shoreline sediment, and 
groundwater' at Parcel E that pose a risk to future site workers and occupants, as well as 
wildlife. This FS Report develops and evaluates cleanup alternatives to address risks to 
humans and wildlife, as identified in the Revised Remedial Investigation Report for Parcel E. 
This FS Report addresses only non-radioactive chemicals. The Navy is preparing an 
addendum to the FS Report to evaluate radiological contamination and risk to humans and 
wildlife, as well as to develop cleanup alternatives to. address the radiologically impacted sites 
identified in the 2004 Historical Radiological Assessment. 

The Navy evaluated cleanup alternatives for the following contaminated media: (1) soil 
throughout Parcel E; (2) sediment along the Parcel E shoreline; (3) groundwater at previously 
identified contaminant plumes; and (4) nonaqueous~phase liquids (NAPL) at the former oil 
reclamation ponds. The cleanup alternatives consist of one or more of the following actions: 

• Excavation and off-site disposal of soil at select locations 
• Covers, institutional controls, and shoreline protection to prevent exposure to soil 

throughout Parcel E and sediment along the Parcel E shoreline 
• In-situ treatment of contaminated soil and groundwater at select locations 
• Groundwater containment, institutional controls, and long-term monitoring at previously 

identified contaminant plumes · 

• Containment, treatment; or removal (or combination of the three actions) of NAPL at the 
former oil reclamation ponds 

Information Repositories: A complete copy of the "Final Feasibility Study Report for Parcel 
E," dated August 2012, is available to community members at: 

San Francisco Main Library 
100 Larkin Street 
Government Information Center, 5th Floor 
San Francisco, CA 94102 
Phone: (415) 5~7-4500 

Hunters Point Shipyard Office Trailer 
690 Hudson Street 
San Francisco, CA 94124 

The report is also available to community members on request to the Navy. For more 
information about environmental investigation and cleanup at HPS, contact Keith Forman, 
BRAG Environmental Coordinator for the Navy, at: 

Keith Forman 
Department of the Navy 
Base Realignment and Closure, Program Management Office West 
1455 Frazee Road, Suite 900 
San Diego, CA 92108-4310 
Phone: (415) 308-1458 
Fax: (619) 532-0995 
E-mail: keith.s.forman@navy.mil 

August 31, 2012 
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Executive Summary 

This Feasibility Study (FS) Report is part of ongoing efforts by the Department of the Navy (Navy) to 

address contamination at Parcel E within Hunters Point Shipyard (HPS) in accordance with the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) (Title 42 United 

States Code Sections 9601-9675). The FS is a mechanism for developing, screening, and evaluating, 

remedial alternatives to address risk identified during a remedial investigation (RI) under the CERCLA 

process. The purpose of this FS Report for Parcel E is to evaluate remedial alternatives applicable at 

Parcel E based on the findings of the. Revised RI Report (Barajas & Associates, Inc., 2008b) and 

additional data collected since December 2004. Additional data collected include (1) analytical results of 

confirmation soil samples collected during recently completed removal actions, (2) groundwater data 

from the ongoing monitoring program, and (3) baseline groundwater characterization· data from 

groundwater treatability studies at Parcel E. The Base Re~lignment and Closure Cleanup Team (BCT) 

will use this FS Report to assist in evaluating the appropriate remedial actions for Parcel E to allow_.,, 

transfer of the property to the City and County of San Francisco. A radiological addendum to the FS 

Report is being prepared to evaluate the nature and extent of radiologi£al contamination and risk to 

human health and the environment, as well as to develop alternatives to address the radiologically 

impacted sites identified in the Historical Radiological Assessment (HRA) (Naval Sea Systems 

Command, 2004). As defined in the HRA, radiologically impacted sites have the potential for radioactive 

contamination based on historical information or are known to contain or have contained radioactive 

contamination. 

PARCEL E HISTORY AND ENVIRONMENTAL SETTING 

Parcel E includes about 139 acres of relatively flat shoreline and lowland coast along the ·southwestern 

portion of HPS (Figure ES-1). Parcel E is bounded to the north by non-Navy property; to the east by 

Parcels D-1, G, and UC-1; to the south by intertidal shoreline areas along San Francisco Bay; and to the 

west by Parcel E-2 and non-Navy-property. Parcel E contains 44 buildings, 3 ship berths, and 1 pier. 

Historically, most of Parcel E was used as an industrial support area, consisting of supply and public 

works facilities for HPS. Shoreline areas at Parcel E were used to store construction and industrial 

materials, as well as to dispose of industrial waste and construction debris. The Naval Radiological 

Defense Laboratory (NRDL) used several Parcel E buildings during the 1950s and 1960s to conduct 

practical and applied research on· radiation decontamination methods and on the effects of radiation on_ · 

living organisms and natural and synthetic materials. The NRDL ceased operations in 1969. Many 
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Executive Summary 

operations conducted by the Navy at Parcel E are well documented, including the locations where routine 

and planned activities and waste disposal occurred. Undocumented activities also may have been 

conducted, such'' as storage of materials and equipment, short-term industrial activities, and waste 

disposal. 

Historically, environmental investigations at HPS were performed at individual Installation Restoration (IR) 

sites (Figure ES-2). Parcel E includes 21 IR sites associated with former shipyard operations: IR-02 

Central, IR-02 Northwest, IR-02 Southeast, IR-03, IR-04, IR-05, IR-08, IR-11/14/15, IR-12, IR-13, IR-36 
I 

North, IR-36 South, IR-36 West, IR-38, IR-39, IR-40, IR-52, IR-54, IR-56, IR-72, and IR-73. Sites IR-08, 

IR-36 North, IR-36 South, IR-36 West, IR-38, and IR-39 were initially located in Parcel D and addressed in 

the original ParceJ D RI Report. Sites IR-36 North, IR-36 South, and IR-36 were added to Parcel E in 1998, 

and IR-08, IR-381 and IR-39 were added to Parcel E in 2005. Parcel E also includes four IR sites that were 
11 

established for th~ former utility network at HPS: IR-45 (steam line system), IR-47 (fuel distribution lines), 

IR-50 (storm drain and sanitary sewer systems), and IR-51 (former electrical transformer locations). The 

portions of the IR~45, IR-47, IR-50, and IR-51 located on Parcel E are illustrated on Figures 2-1 and 2-2. 

Based on the amended redevelopment plan for HPS (San Francisco Redevelopment Agency [SFRA], 
11 

20 I 0c ), the NaVY: subdivided the two reuse areas in Parcel E into redevelopment blocks to facilitate data 

presentation in this FS Report (see Figure ES-2). The blocks and their proposed reuse are listed below. 

Each of the zoning designations listed below is defined in Section 2.1.2 of the FS. 

• Redevel1pment Blocks MU-1, MU-2, and MU-3 are part of the Shipyard South Multi-Use 
District tpat is planned for Mixed Use 

■ 

■ 

Redevelc,pment Blocks EOS-1 through EOS-4, EOS-5A, EOS-5B, and EOS-5C are part of the 
Shipyard Shoreline Open Space Land Use District that is planned for open space 

The railrpad right-of-way comprising IR-52 is part of the City and County of San Francisco's 
redevelopment plan for the Bayview Hunters Point redevelopment project adjoining HPS 
(SFRA, 201 Ob), and is planned for predominantly light industrial reuse. 

Land at HPS coqsists of relatively level lowlands constructed by excavating portions of surrounding hills 

and placing non~:ngineered fill materials along the margin of San Francisco Bay. The remaining land is a 

moderate to ste~p sloping, northwest-trending ridge. Parcel E is located in the lowlands with surface 

elevations rangirig from 0 to 12 feet above mean sea level (msl); predo~inant ground surface elevations 

· range from 7 to }O feet above msl. 

The only surface. water features within Parcel E are wetlands areas located along the shoreline. Surface 

water at HPS drains to the San Francisco Bay primarily as sheet flow from either the highlands of the 
., 

former Parcel Ai~ to the surrounding lowlands or from the lowlands themselves. In Parcel E, runoff is 

primarily collect~d by the storm drain system and is discharged to the bay through three stormwater 

N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\FinalParcelE_FS.docx 

ERRG-6011-0000-0006 ES-2 

• 

• 

• 



• 

•• 

• 

Executive Summary 

discharge outfalls. The existing storm drain system remains in place and is functioning; however, the 

Navy is in the process of removing the existing sanitary sewer and storm drain lines across HPS under a 

basewide removal action to address potential radioactive contamination (Navy, 2006a);-

About 30 percent of Parcel E is rud_eral habitat characterized by scattered shrubs and grasses, and about 

65 percent is covered by pavement with some sparse vegetation. Ruderal and landscaped habitats at HPS . 

typically support resident and migratory birds common to urban areas _ of northern California. The 

following special-status. bird species were observed at HPS during previous surveys: peregrine falcon 

(Falco peregrinus), a state fully protected species; double-crested cormorant (Phalacrocorax au;itus), a 

state species of special concern; and loggerhead shrike (Lanius ludovicianus), a state species of special 

concern. No special-status plants, mammals, reptiles, amphibians, or invertebrates are expected to be 

present within the terrestrial habitat at Parcel E. The remaining 5 percent of Parcel E consists of beach 

areas, intertidal areas, and wetland areas. 

Five geologic units underlie HPS: four unconsolidated sedimentary deposits of Quaternary age and the 

Jurassic-Cretaceous-age Franciscan Complex bedrock. In general, the stratigraphic sequence of these 

geologic units, from youngest (shallowest) to oldest (deepest), is as follows: 

l. Artificial Fill (Qaf) 

2. Undifferentiated Upper Sands (Quus) 

3. Bay Mud (Qbm) 

4. Undifferentiated Sediments (Qu) 

5. Bedrock (Kf) 

The hydrostratigraphic units at Parcel E are the A-aquifer, the B-aquifer, and the bedrock water-bearing 

zone. Sections 2.2.6 and 2.2.7 of this FS Report provide more detail on each geologic and 

hydrostratigraphic unit, respectively, at Parcel E. 

NATURE AND EXTENT OF CONTAMINATION 

Investigation and Removal Action Summary 

Environmental investigations and removal actions performed from 1984 to 2004 were described and 

evaluated in detail in the Revised RI Report for Parcel E (Barajas & Associates, Inc., 2008b ). The 

Revised RI Report evaluated data collected through December 2004. Since that time, removal actions 

have been performed in IR-02 Northwest and Central Excavation Area, the Metal Debris Reef Area in 

IR-02 Southeast, and the Polychlorinated Biphenyl (PCB) Hotspot Area (located primarily in Parcel E-2 

but extending slightly into IR-02 Northwest). Additionally, groundwater data have been collected on a 

quarterly basis as part of the Basewide Groundwater Monitoring Program (BGMP). Previous 
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Executive Summary 

environmental inyestigations and removal actions at Parcel E are listed in the following table. Removal -

and cleanup acti~ms associated exclusively with fuel-related products, petroleum underground storage 

tanks (USTs), and aboveground storage tanks (ASTs) are being evaluated in the TPH corrective action 

program and are not addressed in this FS report. 

Environmental Investigations 

• 1984: Initial Assessment Survey • 1992 to 1996: Facility-Wide Ambient Air Monitoring 

• 1986: Triple A Investigation • 1992 to 1996: Remedial Investigation 

• 1987: Confirmation Study • 1993 to 1994: Site lnspectlon 

• 1987: Area S,tudy • 1993 to 1994: Site Assessment 

• 1988: Fencefto-Fence Survey • 1999to 2000: Parcel E Validation Study 

• 1988 to 1989: Solid Waste Air Quality • 2000 to 2002: Groundwater Data Gaps 
Assessment Test Investigation 

• 1988: . Reme~ial Investigation Reconnaissance • 2000 and 2001: Treatability Study of Soil Vapor 
Extraction (SVE) at Building 406 

• 1989 to 1990: Preliminary Assessment • 2002: Standard Data Gaps Investigation 

• 1991 to 1992: Intertidal Sediment Study • 2004 to present: BGMP 
Jc 

Removal Actions 

• 1988: Base.,,!ide removal of PCB-containing • 2001: Time-critical removal of soil containing non-
electrical tra~sformers volatile organic compounds at IR-08 

• 1988: Removal of soil at IR-08 PCB spill area • 2002 to 2004: Decontamination of industrial process 
equipment and removal of various wastes and ASTs 
from Building 521 

• 1991: Removal of floating product at IR-03 • 2003 to 2004: Removal of various debris from the 
Parcel E shoreline 

• 1991 to 1994: Removal of 8 USTs, closure of 2 • 2003 to 2004: Removal of five soil stockpiles from 
USTs in plac~, and removal of 12 ASTs IR-02 Southeast and IR-73 

• 1991 to 1995: Removal and fixation of sandblast • 2004: Removal of total petroleum hydrocarbons 
waste (TPH)-contaminated soil from IR-05, IR-36 West, 

IR-39, and IR-73 
' 

• 1996 to 1998, Installation of a 900-foot-long • 2005 to 2007: Removal of radioactive soil and 
sheet-pile wall and low-permeability cap at the debris at IR-02 Northwest and Central Area 
former oil reclamation ponds in IR-03 (see Figure 2-1 in Section 2 of the FS Report) 

• 1996 to 1997t Removal of sediment from the • 2005 to 2007: Removal action of radioactive soil 
storm drain system and debris at IR-02 Southeast Metal Debris Reef 

(see Figure 2-1 in Section 2 of the FS Report) 

• 1996: Remoyal of soil from the exploratory ·■ 2005 to 2007: Removal of soil at PCB Hotspot Area 
excavation at'. IR-11/14/15 (located primarily on Parcel E-2 but extending into 

Parcel E, IR-02 Northwest, see Figure 2-1 in 
Section 2 of the FS Report) 
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Groundwater Plume Delineation Update 

The Revised RI Report used data collected through December 2004 to delineate A-aquifer groundwater 

plumes for metals, volatile organic compounds (VOes), PeBs, and TPH (see Figures 4-3 through 4-6 and 

Figure 6-2 in the Revised RI Report [Barajas & Associates, Inc., 2008b]). Since that time, ground~ater 

data have been collected on a quarterly basis as part of the BGMP. The BGMP includes wells loca,ted 

within and in the vicinity of some of the RI plumes. Where available, these data were evaluated to 

determine if the plume delineations established in the Revised RI Report have significantly changed since 

2004. In addition, additional groundwater data were collected as part of a groundwater treatability study 

(GWTS) conducted at several of the voe plumes at Parcel E. Where appropriate, the plume delineations 

presented in the Revised RI Report were adjusted using updated data from the BGMP (from March 2005 

to October 2009) 'and the first phase of the GWTS (April and November 2009). A detailed description of 

the groundwater plume delineation update is presented in Section 2.3.3 of the FS Report. The updated 

plume delineations considered in the FS evaluation are shown on Figures ES-3, ES-4, and ES-5. A 

complete list of all groundwater plumes and their associated redevelopment block, wells, arid plume 

constituents is shown in Table ES-1. The Revised RI Report did not identify any B-aquifer plumes at 

Parcel E, and data collected during the ongoing BGMP .have confirmed that B-aquifer plumes are not 

present at Parcel E. 

Groundwater Treatability Study Update 

The Navy conducted a GWTS at the following IR sites: IR-04, IR-05, IR-12, IR-36 South, IR-39, and 

IR-56 (Shaw Environmental, Inc. [Shaw], 2009a). The· first phase of the GWTS consisted of a field 

investigation to better delineate the groundwater plumes identified in the Revised · RI Report and was 

conducted in late 2009. The second phase of the GWTS consisted of zero-valent (ZVI) iron injection to 

evaluate the effectiveness of ZVI in treating groundwater contamination at Parcel E and was conducted 

during 2010. The updated plume voe delineations, from the first phase of the GWTS, were considered in 

the FS report (Figure ES-4). Additional conclusions of the GWTS are provided in a separate technical 

memorandum (Shaw, 2011). 

RISK EVALUATIONS 

Previous risk evaluations provided in the Revised RI Report include: 

1. Human health risk assessment (HHRA) for soil and groundwater (Appendix I of the Revised RI 
Report) 

2. HHRA for shoreline sediment (Section 5.3.1 and Attachment 1 of the Revised RI Report) 
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Executive Summary 

3. Baseline ecological risk assessment (BERA) for onshore soil (Appendix J of the Revised RI 
Report) 

4. Screening-level ecological risk assessment (SLERA) for shoreline sediment (Appendix G of the 
Revised ~ Report) 

In addition, Appdndix A of this FS Report includes ·a ·risk evaluation of groundwater to evaluate effects on 

aquatic life in the bay. It should be noted that the risk assessments (listed above) from the Revised RI 
i: 

Report were not updated to reflect the post-removal conditions at IR-02 Northwest and IR-02 Southeast 

because the revis.ed data set would not substantially affect the risk assessment results (to an extent that 

either identified or eliminated areas requiring evaluation in the FS). The revised post-removal action data 
' 

set was used to develop the remedial alternatives in the FS Report. 
\ . . 

The risk assessment methodology and results are summarized in more detail in Section 2.5 of the FS 

Report. The HHRA used the original (1997) redevelopment plan as the reasonably anticipated reuse for 

Parcel E; howe~er, the HHRA also included an exposure scenario evaluating residential exposures 

. throughout Parcel E. The residential exposure scenario provides an adequate baseline assessment of 

human health risks at Parcel E irrespective of the recent changes to the planned reuse based on the 

amended redevelopment plan (SFRA, 2010c). The following paragraphs summarize the risks at Parcel E 

relative to the pl~ned reuse identified in the amended redevelopment plan (SFRA,.2010c). 

Soil and Shoreline Sediment Risk Summary 

The following table lists the chemicals of concern (COCs) for Parcel E soil relative to the planned reuse 

identified in the Jmended redevelopment plan (SFRA, 2010c). 

Exposure 
Scenario 

Residential 

Redevelopment 
!; Block 

MU-1, MU-2, 
and MU-3 

Planned Reuse 

Mixed Use 

cocsa 
! 3,3'-dichlorobenzidine, 4-nitrophenol, 4,4'-DDD, 

4,4'-DDE, aldrin, alpha-BHC, antimony, 
Aroclor-1254, Aroclor-1260, arsenic, benzene, 
benzo(a)anthracene, benzo(a)pyrene, 
benzo{b}fluoranthene, benzo(k)fluoranthene, bis(2-

' ethylhexyl)phthalate, cadmium, carbazole, copper, 
• dibenz(a, h}anthracene, dieldrin, gamma-BHC, 
; heptachlor epoxide, indeno(1,2,3-cd)pyrene, iron, 
' lead, manganese, mercury, n~nitroso-di-n-
i propylamine, n-nitrosodiphenylamine, naphthalene, 
I pentachlorophenol, thallium, vanadium, 

trichloroethylene, zinc, and xylene. 

Most common: Metals (arsenic and manganese) 
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Exposure 
Scenario 

Recreational 

Industrial 

Notes: 

Redevelopment 
Block 

EOS-1, EOS-2, 
EOS-3, EOS-4, 

and EOS-5 

Railroad Right-of-
Way 

Planned Reuse 

Open Space 

Light Industrial 

Executive Summary 

cocsa 
1,2,3,4,6,7,8-HPCDD, 1,2,3, 7,8-PECDD, 
2,3,4,7,8-PECDF, Aroclor-1254, Aroclor-1260, 
arsenic, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b)fluoranthene, chrysene, dibenz(a,h)-
anthracene, dieldrin, heptachlor epoxide, 
indeno(1,2,3-cd)pyrene, lead, n,anganese, mercury, 
arid nitroso-di-n-propylamine. 

Most common: Metals (arsenic and lead), PAHs 
[benzo(a)pyrene], and PCBs (Aroclor-1260) 

Arsenic, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b )fluoranthene, benzo(k)fluoranthene, copper, 
dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene, and 

I 

lead. 

Most common: Metals (lead) and PAHs 

! 
[benzo(a)pyrene] 

a Although the land use evaluated in the HHRA does not match the amended redevelopment plan (SFRA, 2010c), the above list of COCs 
was verified and modified as appropriate by conducting queries of the risk-based concentrations against the Parcel E soil data. Prior to 
conducting the data query, a comprehensive list of risk-based concentrations was developed for all COCs detected in one or more soil 

. samples using the toxicity factors, exposure parameters, and chemical data used in the HHRA. 

BHC benzene hexachloride HPCDD heptachlorodibenzo-p-dioxin 
bgs below ground surface PAHs polycyclic aromatic hydrocarbons 
COCs chemicals of conceff! PCBs polychlorinated biphenyls 
DOD dichlorodiphenyldichloroethane PECDD pentachlorodibenzo-p-dioxin 
ODE dichlorodiphenyldichloroethene PECDF pentachlorodibenzofuran 
HHRA human health risk assessment SFRA San Francisco Redevelopment Agency 

The conclusions from the other risk evaluations for soil and shoreline sediment are summarized below. 

• HHRA for shoreline sediment: total PCBs is the primary COC for the evaluation of human health 
along the Parcel E shoreline. 

• SLERA forsoil: · no significant unacceptable risk to wildlife was indicated at Parcel E. 

• SLERA for shoreline sediment: cadmium, copper, lead, mercury, molybdenum, zinc, DDTs, and 
PCBs were identified as chemicals of ecological concern (COECs). 

Groundwater Risk Summary 

The following table lists the COCs identified for Parcel E groundwater relative to the planned reuse 

identified in the amended redevelopment plan (SFRA, 2010c). 
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Redevelopment I 
Block I Plume coc COEC Pathway of Concema 

MU-1 and 
MU-2 

MU-1 and 
MU-3 

MU-1 

MU-3 

Building 406 
;~CE Plume 

IR-12 
PCE Plume 

IR-12 
Benzene 

Plume 

IR-04 
.TCE Plume 

TCE, 1 ,4-DCB, carbon 
tetrachloride, 1,2-DCE, PCE, 

vinyl chloride 

PCE, TCE, 1,1-DCA, 
1 ,4-DCB, isopropyl benzene, 

chloroform, chrysene, 
naphthalene, arsenic, 

pentachlorophenol 

PCE, TCE, 1,1-DCA, 
1 ,4-DCB, isopropyl benzene, 

chloroform, chrysene, 
naphthalene, arsenic, 

pentachlorophenol 
·+----··· 

TCE, 1, 1-DCE, 1,4-DCB, 
benzene, chloroform, 

lsopropylbenzene, naphthalene, 
PCE 

IR-56 TCE, chloroform 
TCE Plume 

Vapor intrusion 

Vapor intrusion and dermal 
exposure 

Vapor intrusion and dermal 
exposure 

Vapor intrusion 

Vapor intrusion 

EOS-1 and 
EOS-2 

1.R-02 Central 
Nickel Plume 

Arsenic 

Nickel 

Dermal Exposure 

Impact to surface water 

Dermal Exposure 

Impact to surface water 

EOS-3 

:, Northwest 
Metals Plume 

IR-02 
Northwest PCB 
and Pesticide 

Plume 

, IR-03 TPH 
Plume 

Copper, lead, 
nickel, zinc 

··························I············-·························· 

1 ,4-DCB, vinyl chloride, 
naphthaleneb, 

benzo(a)anthracene, 
benzo(b )fluoranthene, chrysene, 

arsenic 

Aroclor-1254, 
4,4'-DDE, 

alpha-chlordane 

TPH, arsenic, 
nickel, zinc, 

Aroclor-1254, 
Aroclor-1260 

Impact to surface water 

Vapor inhalation and 
dermal exposurec 

Impact to surface water 

Notes: 

a 

b 

C 

I 

Two pathways of concern evaluated in the HHRA (vapor intrusion and dermal exposure) are identified; however, the vapor intrusion pathway is 
addressed under the RAOs for soil gas. 

I 
List of chemicals for monitoring in IR-03 TPH plume will be expanded to include the following voes: benzene, chloroform, TeE, and vinyl 
chloride (see·Appendix C). These chemicals, which exceed risk-based concentrations for vapor intrusion, are not eoes because the vapor 
intrusion pathway 'is not complete in open space areas. However, monitoring will be performed in EOS-3 to ensure that these voes do not 
migrate to adjoining redevelopment blocks (where the vapor intrusion pathway is complete) at concentrations that pose a potential risk. 

Pathway of concefn is associated with construction worker exposure scenario; the vapor intrusion pathway is not complete in open space areas. 

eoes chemicals of, concern ODE dichlorodiphenyldichloroethene 

DeA dichloroethahe PeE tetrachloroethene 

DCB dichlorobenzene TeE trichloroethene 

DeE dichloroethene TPH total petroleum hydrocarbons 
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In addition, the following COECs were identified by the aquaVc risk. evaluation for groundwater: 

■ Metals - arsenic, copper, lead, nickel, and zinc 

■ PCBs and pesticides: Aroclor-1254, Aroclor-1260, 4,4'-dichlorodiphenyldichloroethene (DDE), 
and alpha-chlordane 

■ TPH 

The evaluation methodology and results for the aquatic risk evaluation of groundwater are presented in 

Appendix A of the FS Report. 

FEASIBILITY STUDY 

Remedial Action Objectives 

Remedial action objectives (RAOs) for Parcel E are medium-specific goals thafwere developed to protect 

human health and the environment. Each RAO specifies: (1) the COCs or COECs; (2) the exposure 

route and receptor(s); and (3) an acceptable chemical concentration for a medium of concern. The 

following table summarizes the RAOs developed for Parcel E. 

Media / Receptor 

Soil / Humans 

Soil Gas/ Humans 

Shoreline 
Sediment/ 
Humans 

Shoreline 
Sediment / Wildlife 

Groundwater I 
Humans 

Remedial Action Objective 

Prevent exposure of humans to inorganic and organic chemicals in soil at concentrations 
exceeding preliminary remediation goals (PRGs) for the following exposure pathways: 

1. ingestion of, outdoor inhalation of, and dermal exposure to soil from O to 10 feet bgs by 
residents in areas zoned for mixed-use reuse; · 

2. ingestion of homegrown produce in native soil in areas zoned for mixed-use reuse; 

3. ingestion of, outdoor inhalation of, and dermal exposure to soil from O to 2 feet bgs by 
recreational users in areas zoned for open space reuse; and 

4. Ingestion of, outdoor inhalation of, and dermal exposure to soil from Oto 10 feet bgs by 
construction workers in all areas. 

5. Ingestion of, outdoor inhalation of, and dermal exposure to soil from O to 10 feet bgs by 
industrial users of the railroad right-of-way. 

Prevent exposure of humans to voes in soil gas at concentrations that would pose 
unacceptable risk via indoor air inhalation of vapors. The Navy has developed soil gas 
action levels (SGALs) to guide future vapor mitigation or remediation (ehaduxTt, 2010). A 
focused soil gas survey is currently being implemented to identify locations where 
concentrations of eoes in soil gas may exceed SGALs and to evaluate the extent of the 
voe area requiring institutional controls. 

Prevent exposure of humans to eoes in shoreline sediment at concentrations exceeding 
the PRGs. 

Prevent exposure of benthic invertebrates, birds, and mammals to eoEes in shoreline 
sediment at concentrations exceeding the PRGs. 

Prevent or minimize exposure of construction worker to voes in A-aquifer groundwater by 
dermal exposure and inhalation of vapors with chemicals exceeding PRGs. 

Prevent or minimize exposure of humans to eoes in the B-aquifer at concentrations 
exceeding PRGs via the domestic use pathway . 
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Media / Receptor ' 

Groundwater I 
Wildlife 

Nonaqueous
Phase Liquids 
(NAPL) / Wildlife 

Executive Summary 

Remedial Action Objective 

Prevent or minimize migration of arsenic, copper, lead, nickel, zinc, Aroclor-1254, 
Aroclor-1260, alpha-chlordane, and 4,4'-DDE to prevent discharge that would result in 
concentrations exceeding corresponding water quality criteria for aquatic wildlife. 

Prevent or minimize migration of A-aquifer groundwater containing total TPH concentrations 
greater than 1,400 micrograms per liter (µg/L) (where commingled with CERCLA 
substances) into San Francisco Bay. 

Prevent or minimize migration of NAPL to prevent discharge that would result in COEC 
concentrations greater than water quality criteria for aquatic wildlife. 

Prevent or minimize migration of NAPL to prevent discharge that would result in total TPH 
groundwater concentrations greater than 1,400 µg/L into San Francisco Bay. 

Preliminary Remediation Goals 

Exposure scenari'o-specific risk-based concentrations were calculated based on a target cancer risk level 

of lE-06 and target noncancer hazard index of 1, consistent with the exposure pathways and assumptions 

used in the HHR(A to assess risks. The selection of these target risk levels is based on agreements with · 

the BCT. Preliminary remediation goals (PRGs), which will be finalized in the Record of Decision, were 

developed for eafh COC based on the risk-based concentrations, chemical-specific applicable or relevant 

and appropriate iequirements (ARARs), the laboratory practical quantitation limit, and the ambient level 

for the COC, if one was established. Goals were derived for both soil and groundwater and for COCs and 

COECs identifiep from both the HHRA and the SLERA for groundwater. As ·described in the table 

above, the Navy:: has developed SGALs and is implementing a focused soil gas survey to guide future 

vapor mitigation or remediation. Future actions and decisions to address potential risks from vapor 

intrusion will be :based on soil gas data and the SGALs, rather than groundwater data and the risk-based 

concentrations de,veloped in the HHRA for vapor intrusion (ChaduxTt, 2010). Accordingly, the potential 

exposure from the vapor intrusion pathway is addressed by the soil gas RAO presented in the table above. 
' 

Tables 3-1 through 3-5 in Section 3 of the FS Report summarize all the PRGs for the relevant COCs and 
:• 

COECs. 

General Response Actions, Remedial Technologies, and Process Options 

General response actions (GRAs) are responses or remedies intended to meet RAOs. The following 
i 

GRAs were selected for Parcel E: 

Soil and Shoreline Sediment 

■ No actioµ - Required GRA for CERCLA evaluation 

■ Institutional controls - Includes land use and access restrictions implemented through legal and 
administrative mechanisms (such as restrictive covenants and deed restrictions) to mitigate 
potentialj

1
unacceptable exposure to chemicals in soil and-shoreline sediment 
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■ Engineering controls - Includes fencing, barriers, and signs to restrict access and potential 
unacceptable exposure to contaminated soil and shoreline sediment 

• Monitoring - Includes soil gas monitoring to evaluate the poteqtial for vapor intrusion 

■ Removal - Includes excavation and off-site disposal of contaminated soil and shoreline sediment 

■ Treatment - Includes.in-situ and ex-situ treatment of soil or shoreline sediment to reduce the 
toxicity, mobility, and volume of chemicals 

■ Containment- Includes covering (I) contaminated s.oil to prevent direct exposure of humans 
through dermal contact, inhalation, or ingestion; and(2) contaminated shoreline sediment to 
prevent direct contact with humans or wildlife 

Groundwater 

• No action -Required GRA for CERCLA evaluation 

• Institutional controls - Includes land use and access restrictions implemented through legal and 
administrative mechanisms (such as restrictive covenants and deed restrictions) to mitigate 
potential unacceptable exposure to chemicals in soil gas or groundwater 

• Engineering controls - Includes vapor barriers, sub-slab depressurization, and epoxy coatings to 
mitigate potential unacceptable vapor intrusion risk from VOCs in soil gas or groundwater 

■ Monitoring - Includes groundwater monitoring to assess changes in the concentrations of 
chemicals in groundwater 

■ Treatment - Includes in-situ and on-site ex-situ treatment of contaminated groundwater 

• Removal - Includes pumping to remove contaminated groundwater and off-site treatment or 
disposal 

■ Containment - Includes installing ( 1) vertical barriers to control groundwater flow and limit 
migration of contaminated groundwater and (2) barriers or covers to prevent vapor intrusion or 
limit infiltration 

NAPL (IR-03) 

■ No action-Required GRA for CERCLA evaluation 

• Institutional controls - Includes land use and access restrictions implemented through legal and 
administrative mechanisms (such as restrictive covenants and deed restrictions) to mitigate 
potential unacceptable exposure to contaminated media at IR-03 

• Engineering controls - Includes fencing, barriers, and signs to restrict access and potential 
unacceptable exposure to contaminated media at IR-03 

• Monitoring - Includes groundwater monitoring to assess the adequacy of remediation 

■ Removal- Includes pumping or excavation to remove NAPL and associated contaminated soil 
and groundwater for off-site treatment or disposal 
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• Treatment - Includes in-situ and on-site ex-situ treatment of NAPL and associated contaminated 
soil and groundwater 

• Containm,ent - Includes (1) installing vertical barriers to control NAPL and limit migration of 
contamin

1

ated groundwater and (2) covering contaminated soil to limit infiltration and prevent 
direct exposure of humans through the dermal contact, inhalation, and ingestion exposure 
pathways 

The technologies and associated process options identified for each GRA were screened using three 

criteria in accordance with the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) 

(specifically Title 40 Code of Federal Regulations Section 300.430 [e][7]) and U.S. Environmental 

Protection Agency (EPA) RI/FS guidance (EPA, 1988; Section 4.2.5): (1) effectiveness; 

(2) implementabi'lity; and (3) cost. Screening of the technologies and process options for each GRA is 

summarized in Tables ES-2, ES-3, and ES-4. A detailed analysis of each GRA and its associated process 

options is preseI).ted in Section 3 of the FS Report. In addition, a detailed evaluation of shoreline 

protection options, in accordance with the NCP and EPA RI/FS guidance, is presented in Appendix D of 

this FS Report. 

Process options from all six of the GRAs (for each of the three media) were retained for further evaluation 

in the FS. 

Development of Remedial Alternatives 

Remedial alternatives were developed using combinations of the retained process options to meet RAOs. 

Remedial alternatives were derived using experience and engineering judgment that formulated the process 

options into the most plausible site-specific response actions. The remedial alternatives developed for 

further analysis are presented below. It should be noted that the thick, viscous nature of NAPL at IR-03 

may limit the e~fectiveness of many remedial technologies, and may warrant consideration of multiple 

technologies useii in combination. Accordingly, the NAPL remedial alternatives for IR-03 provide 

flexibility by identifying a range of removal and treatment options to address the NAPL source. For cost 

estimating purposes, electrical resistive heating (ERH) was identified as a representative thermal 

enhancement technology for addressing the NAPL source at IR-03; however, the Navy is performing bench-
, 

scale testing to better evaluate the performance of thermally-enhanced NAPL removal at IR-03. The range 

ofremoval and treatment options to address the NAPL source at IR-03 would be refined during the remedial 

design (RD) through additional characte~ization and field-scale testing. 
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Soil and Shoreline Sediment Alternatives ' 

• Alternative S-1- No Action: For this alternative, no remedial action would take place. Soil and 
shoreline sediment would be left in place without any response actions (such as, institutional 
controls, monitoring, containment, removal, and treatment). The no action alternative is retained 
throughout the FS process as required by the NCP to provide a baseline for comparison with and 
evaluation of other alternatives. 

■ Alternative S-2 - Covers, Institutional Controls, and Shoreline Protection: This alternative 
would involve covers, institutional controls, and shoreline protection, as well as engineering 

· controls and monitoring to meet ARARs and RAOs. This alternative provides physical barriers 
to eliminate the exposure pathways to soil and shoreline sediment at Parcel E. Existing covers, 
such as concrete building foundations and asphal~ parking lots, following appropriate 
rehabilitation, are considered adequate for this alternative. New covers are considered for 
construction only in areas where no covers exist. This alternative includes conservative 
assumptions for maintenance, upgrades, or repairs to the existing covers; the extent of these 
actions will be assessed in the RD and implemented for this alternative as necessary. In addition, 
the Navy would construct shoreline protection features to prevent contaminated shoreline 
sediment and onshore soil from entering San Francisco Bay, and to ip.tegrate with the proposed 
surface covers. 

• Alternative S-3 - Excavation and Off-Site Disposal of Tier 1 Locations, Followed by Covers, 
Institutional Controls, and Shoreline Protection. This alternative would involve excavation of 
Tier 1 locations with off-site disposal of contaminated soil at a permitted disposal facility. This 
aiternative also provides for the covers, institutional controls, and shoreline protection discussed 
in Alternative S-2. Tier 1 locations are defined, for the purposes of this FS Report, as locations 
containing COCs at concentrations greater than 10 times the PRGs. Alternative S-3 provides a 
permanent remedy to remove Tier 1 locations where excavation is feasible. Remaining low-risk 
contaminated soil is addressed by covers and institutional controls. The covers under this 
alternative would be used to prevent exposure to potential unacceptable risk posed by other COCs 
in soil (such as ubiquitous metals at concentrations above PRGs). 

■ Alternative S-4 - Excavation and Off-Site Disposal of Tier 1 and Tier 2 Locations, Followed 
by Covers, Soil Vapor Extraction, Institutional Controls, and Shoreline Protection. This 
alternative would involve excavation of Tier 1 and Tier 2 locations where PRGs are exceeded, 
with off-site disposal at a permitted disposal facility. This alternative also provides for the 
covers, institutional controls, and shoreline protection discussed in Alternative S-2. Soil 
containing COCs at concentrations greater than or equal to 5 times the PRGs (but less than 10 
times the PRGs) would be excavated where feasible to reduce the concentrations of these COCs 
in the environment. For the purposes of this FS Report, such locations are defined as Tier 2 
locations. Tier 2 locations are distinct from the Tier 1 locations defined as locations with COCs 
at concentrations greater than or e9ual to 10 times the PR Gs. Alternative S-4 provides a 
permanent remedy to remove Tier· 1 and Tier 2 locations where excavation is feasible. 
Remaining low-risk cqntaminated soil would be addressed by covers and institutional controls. 
In addition, this alternative includes SVE to address VOC,soil contamination associated with the 
Building 406 TCEplume. The covers under this alternative would be used to prevent exposure to 
potential unacceptable risk posed by other COCs in soil (such as ubiquitous metals at 
concentrations above PRGs) . 
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Groundwater Alternatives 

• Alternative GW-1: No Action. For this alternative, no remedial action would take place. 
Ground~ater would be left in place without any response actions (such as, institutional controls, 
monitoring, containment, removal, and treatment). The no action alternative is retained througlwut 
the FS prbcess as required by the NeP to provide a baseline for comparison with and evaluation of 
other alternatives. 

■ Alternative GW-2: Institutional Controls and Long-Term Groundwater Monitoring. This 
I 

alternative would involve institutional controls and long-term groundwater monitoring. Institutional 
controls would be implemented in areas where humans could be exposed to eoes at concentrations 
. that pose ;a health risk. Long-term groundwater monitoring would serve a two-fold purpose. It 
would (1) provide awareness of the size and behavior of eoe plumes, helping to ensure that 
chemicals do not migrate beyond controlled areas; and (2) provide baseline information on the size 
and behavior of eoEe plumes to be used in preventing chemical discharge to San Francisco Bay. 

• Alternative GW-3A: Groundwater Containment, In-Situ Bioremediation, Monitored Natural 
Attenua~on, and Institutional Controls. This alternative would involve (1) groundwater 
containment, (2) in-situ bioremediation (ISB) (both anaerobic and aerobic), (3) monitored natural 
attenuati9n (MNA), and (4) institutional controls. This alternative addresses plumes in nearshore 
areas using groundwater containment and addresses organic chemicals through anaerobic and 
aerobic ISB. Groundwater would be monitored during the bioremediation and natural attenuation 
phases of this alternative. Institutional controls for this alternative would be similar to those 
discussed for Alternative GW-2. Institutional controls would be implemented prior to active 
remediati,on and would remain in effect for as long as eoe and eoEe concentrations exceed their 
PRGs. , 

1, 

• Alternative GW-3B: Groundwater Containment, In-Situ Bioremediation, Zero-Valent Iron 
Reductitin, Monitored Natural Attenuation, and Institutional Controls. This alternative would 
involve(:~) groundwater containment, (2) anaerobic and aerobic ISB, (3) in-situ chemical reduction 
using ze~~-valent iron (ZVI), (4) MNA, and (5) institutional controls. This alternative attempts to 
more efficiently achieve remediation compared with Alternative GW-3A by using ZVI to address 
Voe cortcentrations at the Building 406 TeE plume, which contains the highest and most laterally 
extensivJ voe concentrations at Parcel E. Because the risk of post-bioremediation rebound is 
highest at this plume, the cost and duration to remediate this plume could increase significantly. 
This woJld occur if a single ISB implementation does not have the treatment capacity to fully 
address the contaminant source at this plume and additional substrate injections are required. For 
this reasqn, a more aggressive treatment technology was incorporated into Alternative GW-3B to 
address the Building 406 TeE plume. Otherwise, this alternative is identical to Alternative GW-
3A. As 'Yith Alternative GW-3A, groundwater would be monitored during the in-situ treatment and 
natural a~tenuation phases and institutional controls would be applied. 

■ Alternative GW-4: Groundwater Containment, In-Situ Bioremediation, Air Sparging, 
Monitored Natural Attenuation, and Institutional Controls. This alternative would involve (1) 
groundw~ter containment, (2), air sparging, (3) ISB, (4) MNA, and (5) institutional controls. As 
with Alternative GW-3B, this alternative provides a more aggressive treatment technology to 

:I . 

address th~ Building 406 TeE plume. Air sparging is considered to address this plume because it 
would be relatively easy to implement if containment and SVE are implemented at this location 
under a sbil alternative. This alternative is intended to enhance and integrate soil and groundwater 
remediation at Building 406. This alternative would only be implemented if the SVE alternative for 
soil (Alternative S-4) is selected for implementation. Except for air sparging, this alternative is 
identical ,to Alternatives GW-3A and GW-3B. 
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NAPL Alternatives 

■ 

■ 

Alternative N-1: No Action. For this alternative, no remedial action would take place. 
Groundwater would be left in place without any response actions (such as, institutional controls, 
monitoring, containment, removal, and treatment). The no action alternative is retained 
throughout the FS process as required by the NCP to provide a baseline for comparison with and 
evaluation of other alternatives. 

Alternative N-2: Source Containment, Monitoring, and Institutional Controls. This 
alternative would involve source containment, followed by long-term groundwater monitoring 
and institutional controls. Source containment would be achieved by (1) limiting infiltration and 
direct exposure with an engineered cover, and (2) isolating the NAPL source and contaminated 
groundwater with a vertical subsurface barrier. Long-term groundwater monitoring would 
provide information on the size and behavior of COC plumes to be used in preventing 
contaminant discharge to San Francisco Bay. Institutional controls, consisting primarily of 
restrictive covenants identifying specific land use and activity restrictions, would be implemented 
to prevent exposure to potential unacceptable risks posed by COCs in soil and groundwater. The 
institutional controls would be a combination of those presented for Alternative S-2 and for 
Alternative GW-2. 

■ Alternative N-3: Source Removal or Treatment, Containment, Monitored Natural 
Attenuation, and Institutional Controls. This alternative would involve a combination of 
source removal or treatment, containment, MNA, and institutional controls. The NAPL source 
would be removed or treated using multiple process options including excavation with off-site 
disposal, in-situ stabilization, and thermally-enhanced extraction with off-site disposal. These 
actions would remove or treat the NAPL source to extent practical, but residual concentrations of 
chemicals posing a risk to humans and wildlife are expected to remain in the subsurface based on 
the nature and extent ofNAPL contamination. The migration of these chemicals would be 
controlled through the containment portion of this remedial alternative. Remediation of any 
residual contamination would occur through .MNA. The institutional controls would be a 
combination of those presented for Alternative S-2 and for Alternative GW-2. 

■ Alternative N-4A: Source Removal or Treatment, Groundwater Treatment by In-Situ 
Bioremediation, Containment, Monitored Natural Attenuation, and Institutional Controls. 
This alternative would involve a combination of source removal or treatment, followed by 
groundwater treatment (by aerobic ISB), containment, MNA, and

1 

institutional controls. 
Alternative N-4A is the same as Alternative N-3, with the addition ofISB to remediate 
groundwater upon completion of NAPL source removal. The institutional controls would be a 
combination of those presented for Alternative S-2 and for Alternative GW-2. · 

■ Alternative N-4B: Source Removal or Treatment, Groundwater Treatment by Steaming, 
Containment, Monitored Natural Attenuation, and Institutional Controls. This alternative 
would be a combination of source removal or treatment, followed by groundwater treatment (by 
steaming), containment, MNA, and institutional controls. This alternative assumes that ERH can 
be phased to first mobilize NAPL and then to boil (or steam) groundwater to remove remaining 
VOCs and semivolatile organic compounds in groundwater. Alternative N-4B is included to 
separately evaluate heating to steam the groundwater and remove dissolved-phase chemicals. 
Alternative N-4B is the same as Alternative N-4A, except that organic chemicals in groundwater 
would be addressed by a steaming process following ERH treatment, rather than ISB. -The 
institutional controls would be a combination of those presented for Alternative S-2 and for 
Alternative GW-2 . 
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Executive Summary 

• Alternative N-5: Source Removal by Excavation and NAPt Extraction/Treatment, 
Groundwater Treatment by In-Situ Bioremediation, Monitored Natural Attenuation, and 
InstitutiC:mal Controls. This alternative would involve a combination of source removal by 
excavatiqn in the unsaturated zone, followed by NAPL removal or treatment, groundwater 
treatment (by aerobic ISB), MNA, and institutional controls. Alternative N-5 is the same as 
Alternatire N-4, but includes the excavation of all potential source material in the unsaturated 
zone. Tlie institutional controls would be a combination of those presented for Alternative S-2 
and for Alternative GW-2. 

• Alternative N-6: Source Removal by Excavation, Monitored Natural Attenuation, and 
Instituti~nal Controls. This alternative would involve a combination of source removal by 
excavation.in the unsaturated and saturated zones, followed by MNA, and institutional controls. 
Alternative N-6 considers excavating to and below the groundwater table with the objective of 

! 

removing the entire NAPL source and achieving clean closure ofIR-03. The institutional controls 
would be. a combination of those presented for Alternative S-2 and for Alternative G_W-2. 

Detailed Evalu'~tion of Remedial Alternatives 

Each remedial alternative was evaluated in comparison to the two threshold and five balancing evaluation 

criteria established in the NCP. The two modifying criteria, state and community acceptance, will be 

assessed in the Record of Decision following comment on the FS Report and the proposed plan. A 

comparative analysis was then conducted to evaluate the relative performance of the remedial alternatives 

developed for the three media at Parcel E. 

1: 
NCP EVALUATION CRITERIA 

Tnreshold Criteria 
• Overall protection of human health and the environment 
• • Compliance with applicable or relevant and appropriate requirements 
Balancing Criteria 
• Long-term effectiveness and permanence 
• Reduction of mobility, toxicity, or volume through treatment 
• Short-term effectiveness 
• Implementability 

• Cost 
Modifying Criteria 
• i: State acceptance 

• Community acceptance 

Comparative Analysis of Remedial Alternatives 

Tables ES-5, ES-6, and ES-7 summarize the comparative analysis for soil and shoreline sediment, 

groundwater, and NAPL, respectively; showing each alternative's rating under the two threshold criteria and 

five balancing criteria. The no action alternatives (S-1, GW-1, and N-1), as well as Alternative GW-2, 

would not be eff~ctive in protecting human health and the environment. 

N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\FinalParcelE_FS.docx 

ERRG-6011-0000-0006 ES-16 

__ : ___ ; 
ERRG 

• 

• 

• 



• 

• 

•• 

Executive Summary 

For soil, Alternative S-4 is rated very good overall for the two threshold and five balancing NeP 

evaluation criteria. Alternative S-3 is rated lower mainly because it would be less effective in the long

term, as compared with Alternative S-4, because contaminated soil would not be removed at the Tier 2 

locations. Alternative S-2 was rated very good overall, mainly because it would be relatively easy and 

inexpensive to implement and would not require any intrusive activities that could expose workers, the 

community, or the environment to risk in the short-term. 

For groundwater, Alternatives GW-3A and GW-3B were assigned overall ratings of very good. 

Alternative GW-4 was assigned an overall rating of good; the lower rating for this alternative is attributed 

to the challenges and limitations of air sparging if implemented at .the Building 406 TeE Plume. 

Although Alternatives GW-3A and GW-3B were both rated very good,. Alternative GW-3B is 

significantly more expensive to implement than Alternative GW-3A. The increased cost of Alternative 

GW-3B is attributed to the ZVI injection at the Building 406 TeE Plume. The ZVI injection is proposed 

because it would be more effective in treating high-concentration voes that may be present at the 

Building 406 TeE Plume. The Navy continues to collect groundwater data at this plume and will 

evaluate the groundwater data during the RD to determine if the remaining voe concentrations are high 

enough to warrant ZVI injection. 

For NAPL, Alternative N-4A was assigned an overall rating of very good. Alternatives N-?, N-3 and N-4B 

were assigned overall ratings of good because of lesser degrees of treatment (Alternatives N-2 and N-3) or 

because of issues related to short-term effectiveness and implementability (Alternative N-4B). 

Alternatives N-5 and N-6 were assigned overall ratings of poor because of issues related to short-term 

effectiveness and cost. For Alternative N-5, the issues related to short-term effectiveness and cost wouHnot 

be offset by any improved long-term effectiveness because of the relatively low volume of unsaturated zone 

soil that contain NAPL. For Alternative N-6, significant issues related to implementability (in addition to 

the issues related to short-term effectiveness and cost) would not offset the slight improvement in long-term 

effectiveness. 

The remedy for Parcel E will be selected in the Record of Decision following comment on the FS Report 

and the proposed plan . 
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Table ES-1. Groundwater Plumes Identified during RI at Parcel E 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Plume Name 

Metals 

· IR-02 Northwest Metals Plume . 

I 
Redevelopment Block I 

(IR Site) · I 

EOS-1 
(IR-02 Northwest) 

.............. ··-······-----------+·· ...... ·········-··-··········-·· . 

IR-05 Metals Plume 

IR-12 Nickel Plume 

IR-02 Central Nickel Plume 

IR-02 Southeast Metals Plume 

Volatile Organic Compounds 

IR-02 Northwest Benzene Plume 

~----

IR-03 Benzene Plume 

IR-12 Benzene Plume 

IR-39 Benzene Plume 

Building 406 TCE Plume 

IR-04 TCE Plume 

IR-56 TCE Plume 

IR-12 PCE Plume 

MU~1 (IR-05) 
--

MU-1 (IR-12) 

EOS-2 
(IR-02 Central) 

EOS-4 
(IR-02 Southeast) 

EOS-1 
(IR-02 Northwest) 

EOS-3 (IR-03) 

MU-1 (IR-12) 

MU-1 (IR-39) 

MU-2 (IR-36 South) 

MU-3 (IR~04) 

MU-3 (IR-74) 

MU-1 and MU-3 
(IR-12) 

! 
' 

Well(s) within RI plume boundary 

IR02MW373A and IR02MW126A 

PA36MW03A 

IR12MW18A 

IR02MWB-2 

IR02MW300A 

IR02MW126A 

IR02MW146A, IR03MWO-1, IR03MW225A, 
IR03MW371A, IR03MW218A1, IR03MW218A2, 
IR03MW218A3, IR03MW370A, IR03MW226A, 

IR03MW369A, IR02MW173A, and IR03MW342A 

IR12MW13A and IR12MW17A 

IR39MW21A 

IR36MW232A, IR36MW237A,IR36MW237A, and 
PA50MW04A 

IR04MW37A 

IR74MW01A 

IR12MW19A, IR12MW45A 
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• 
Plume Constituents 

Copper, lead, nickel, zinc 

Copper and zinc 

Nickel 

Nickel 

Copper and zinc 

·Benzene 

Benzene 

Benzene 

Benzene 

TCE 

TCE 

TCE 

1, 1-DCA and PCE 
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Table ES-1. Groundwater Plumes Identified during RI at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Plume Name 

Polychlorinated Biphenyls 

IR"-02 Northwest PCB Plume 

Total Petroleum Hydrocarbons 

IR-03 TPH Plume 

Notes: 

DCA = dichloroethane 

IR = Installation Restoration 

PCB = polychlorinated biphenyl 

PCE = tetrachloroethene 

RI = remedial investigation 

TCE = trichloroethene 

TPH = total petroleum hydrocarbons 

VOC = volatile organic compound 

I 
Redevelopment Block I 

(IR Site) 

I 
E OS=1 ~(t R:a02 

Northwest) 

EOS-3 (IR-03) 

Well(s) within RI plume boundary 

- IR02MW375A 

IR02MW146A, IR03MW225A, IR03MW371A, 
IR03MW218A1, IR03MW218A2, IR03MW218A3, 

IR03MW370A, IR03MW226A, IR03MW369A, 
IR03MW0-1, IR02MW173A, and IR03MW342A 
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Table ES-2. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

No Action 

Institutional 
Controls 

Engineering 
Controls 

Monitoring 

Remedial 
Technology Type 

Not Applicable 

Legal 
Mechanisms 

Administrative 
Mechanisms 

Physical 
Barriers 

Soil Gas 
Monitoring 

Process Option 

Not Applicable 

Covenants to Restrict Use 
of Property and Deed 

Restrictions 

Land Use Plans and Soil 
and Groundwater 

Management Procedures 
and Policies 

Fencing, Barriers, and 
Signs 

Periodic Soil Gas 
Monitoring 

Description 

No Action 

Restricts use of parcel through 
environmental restrictive covenants that 

will run with the land; allows only 
designated land use in accordance with 

the proposed redevelopment plan 
(EPA, 2000a); includes criteria during and 

after future development to ensure 
mitigated exposure conditions are 

maintained, such as covers, barriers, or 
other engineering controls 
(Navy and DTSC, 2000). 

Manage and prevent exposure to humans 
during future site activities. 

Restrict land use where there is exposure 
to potentially contaminated soil using 
fencing, barriers, and posting signs 

(EPA, 2000a). 

Collect and analyze soil gas samples 
periodically to evaluate the potential for 

vapor intrusion. 
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l 
Comments 

Retained 
Required by NCP. 

Retained 
Easily implemented and effective; 
usually required to restrict activity 

based on land use. 

Eliminated 
Covenants to Restrict Use of Property 
and Deed Restrictions are sufficient to 

enforce land use and activity 
restrictions. 

Retained 
Easily implemented and effective; 
usually required to restrict activity 

based on land use. Not applicable for 
use in open space areas. 

Retained 
Easily implemented; required to 

evaluate effectiveness of other process 
options; low cost. 
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Table ES-2. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Removal1 

Removal1 

(cont.) 

Treatment1 

Remedial 
Technology Type 

Excavation and 
Off-Site 

TreatmenV 
Disposal 

Excavation and 
Off-Site 

TreatmenV 
Disposal (cont.) 

Physical/ 
Chemical 
Treatment 

Process Option 

Conventional Excavation 
and Disposal at Licensed 

TreatmenVDisposal Facility 
(e.g., RCRA, non-RCRA, 

and LLRW) 

Conventional Excavation 
and Disposal at Licensed 

TreatmenVDisposal Facility 
(e.g., RCRA, non-RCRA, 

and LLRW) 

Soil Vapor Extraction 
(with or without thermally 

enhanced recovery) 

Mechano-Chemical 
Destruction 

Thermal Treatment: 
Thermal Desorption or 

Incineration 

Description 

Excavate soil containing chemicals using 
conventional mechanical equipment; limit 

to depths of less than 10 feet bgs. 
Transport and dispose of soils at a 

permitted treatment and disposal facility. 

Excavate soil containing chemicals using 
conventional mechanical equipment; limit 

to depths of less than 10 feet bgs. 
Transport and dispose of soils at a 

permitted treatment and disposal facility. 

Extract voes from unsaturated zone with 
vacuum pumps; extraction performance 

can be enhanced with active volatilization 
of voes in groundwater (EPA, 1997b). 
May be used with thermal enhancement 

(e.g., six-phase heating or steam injection) 
to enhance volatilization of chemicals. 

Treat chemicals with a proprietary reagent 
in a high-intensity ball mill; includes 
pretreatment (drying/sieving) and 

solidification/stabilization of treated soil. 
Offgas treatment required. 

Volatilize chemicals in soil. Thermal 
desorption raises temperature to levels just 

below oxidation (destruction) 
temperatures. Incineration raises 

temperature to combustion temperatures 
(FRTR, 2005). 
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Comments 

Retained for some COCs 
Effective for non-ubiquitous metals and 
PAHs; easily and quickly implemented; 
permanent remedy; and moderate cost. 

Eliminated for ubiquitous metals 
Not implementable or cost-effective for 

entire redevelopment blocks 

Retained for some COCs 
Effective in treating voes; 

effectiveness enhanced when 
implemented with active volatilization 

Eliminated 
High risks to workers associated with 
on-site treatment, high cost, stringent 

regulatory requirements. 

Eliminated 
Effective for organic chemicals; 

however, not effective for metals. Can 
volatize metals, creating additional 

environmental concerns from potential 
air emissions. High cost, stringent 

regulatory requirements 



Table ES-2. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Treatment 
(cont.) 

Remedial 
Technology Type 

Physical/ 
Chemical 
Treatment 

(cont.) 

Biological 
Treatment 

Process Option 

Soil Washing 

Description 

Remove chemicals in soil using an 
aqueous-based wash solution. Usually 
combined with mechanical screening 

methods to remove debris. 

Solidification/Stabilization Reduce chemical mobility through physical 
or chemical reaction with stabilizing agents 

(EPA, 1998b). 

Solvated Electron Process Treat soil by first mixing with liquid 
ammonia to form a soil/ammonia slurry, 

adding elemental calcium or sodium to the 
slurry; then separate ammonia from soil as 

a liquid until most of the ammonia is 
removed ; and finally as a vapor by 

warming the soil (FRTR, 2005). 

Chemical Oxidation Convert inorganic chemicals to 

Phytoremediation 

nonhazardous compounds using an 
oxidizing agent (EPA 1998a). Typical 
oxidants include hydrogen peroxide, 

potassium permanganate, 
and sodium persulfate 

Use plants to remediate contamination in 
soil. Phytoremediation can be used for 

various chemicals, including metals, 
solvents, PAHs, pesticides, petroleum 

hydrocarbons, and explosives. 
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Comments 

Eliminated 
Limited effectiveness with hydrophobic 
compounds such as PCBs and PAHs; 

high O&M cost. 

Eliminated 
Limited effectiveness for 

treatment of PAHs. 

Eliminated 
Not applicable for metals; highly 

exothermic reaction with health and 
safety concerns; not cost-effective for 

small volumes of PAHs. 

Eliminated 
Low effectiveness for treatment of low

level VOCs in soils; high cost. Also, 
difficult to effectively deliver to 

nonaqueous phase 
(e.g. , soil and NAPL). 

Eliminated 
Low implementability and high cost per 

unit area 



Table ES-2. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Treatment 
(cont.) 

Containment1 

Remedial 
Technology Type Process Option 

Biological Bioremediation 
Treatment 

(cont.) 

Covers Soil Covers 

Asphalt or Concrete Covers 

Engineered Alternative 
Caps 

Maintained Landscaping 

Description 

Reduce chemicals in soil by metabolizing 
organic chemicals with biological 

amendments (FRTR, 2005) 

Place soil cover over contaminated soil; 
prevents direct contact with contaminated 

soil. 

Place an asphalt or concrete cover over 
contaminated soil; prevents direct contact 

with contaminated soil. 

Place a soil cover with a geomembrane 
liner that is made of an impermeable, 

synthetic material; prevents direct contact 
with contaminated soil and minimizes 
migration of contamination. Can also 

include engineered soil caps using clay 
instead of synthetic material. 

Maintain a vegetative cover over soil over 
contaminated areas to eliminate the direct 

exposure pathway. 
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Comments 

Eliminated 
Not effective for metals; not efficient for 

small volumes of soils containing 
low-level PAHs. 

Retained for areas that are not paved or 
do not require paving to achieve 

planned land uses. 

Effective for metals and PAHs; easily 
and quickly implemented; moderate 

cost per unit area. 

Retained for areas that are paved 
or require paving to achieve 

planned land uses. 

Effective for metals and PAHs; 
moderate cost per unit area. 

Retained for areas with elevated 
concentrations of mobile chemicals that 
are not paved or do not require paving 

to achieve planned land uses. 

Effective; easy to moderate 
implementability. 

Eliminated 
Not considered applicable to bare soil 

areas at Parcel E with organic chemical 
concentrations exceeding RBCs. 

Would not be an effective method for 
eliminating exposure. 

-ERRG 

• 



Table ES-2. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Containment1 

(cont.) 

I 

I 
I 
I 

~ 

Remedial 
Technology Type 

Shoreline 
Armoring2 

Shoreline 
Stabilization 
(Structural)2 

Process Option 

Protective Revetments2 

Seawalls2 

Bulkheads2 

Breakwaters2 

Groins2 

Description 

Install an erosion control structure 
consisting of riprap, large armor units, 
gabions, articulating concrete mats, or 

engineered concrete structures 
along the shoreline. 

Install a massive concrete structure with its 
weight providing its stability. Prevents 
inland flooding from major storm events 
accompanied by large, powerful waves. 

Install vertical retaining walls to hold or 
prevent soil from sliding seaward. 

Reduces land erosion and loss to the sea; 
does not mitigate coastal flooding or wave 

damage. 

Install rock structure offshore or adjacent 
to headlands with crest above MHHW. 

Protects shore from large, powerful waves 
from major storm events. 

Install narrow rock or timber structure(s) 
perpendicular to shoreline. Reduces 

erosion associated with longshore 
currents. 
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Comments 

Retained for detailed evaluation. Rock 
revetment successfully implemented 

along HPS shoreline in the past. 

Eliminated 
High implementation cost. However, 
maintenance of existing seawalls may 
be incorporated as part of a shoreline 

protection alternative. 

Eliminated 
Would not fully contain shoreline 

sediment from potential wave-induced 
erosion and would not satisfy RAOs. 

Eliminated 
Would not fully contain shoreline 

sediment from potential wave-induced 
erosion and would not satisfy RAOs. 

Eliminated 
Would not fully contain shoreline 

sediment from potential wave-induced 
erosion and would not satisfy RAOs. 



Table ES-2. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Containment1 

(cont.) 

Remedial 
Technology Type 

Shoreline 
Stabilization 
(Structural)2 

(cont.) 

Shoreline 
Stabilization 

(Nonstructural)2 

Process Option 

Nearshore Sills2 

Offshore Reefs2 

Aquatic Vegetation 
(submerged or intertidal)2 

Sand Fill (or other clean, 
imported soil type meeting 

design objectives)2 

Natural Shoreline Materials 
with Offshore Reef 

Description 

Install narrow rock structure(s) parallel to 
shoreline with crest at or below MHHW. 

Rock may be substituted with natural 
material (such as oyster shells) and be 

combined with vegetation to reduce 
erosion from wave action. 

Install rock structure offshore with crest at 
or below MHHW. Rock may be substituted 

with natural material (such as oyster 
shells} and be combined with vegetation to 

reduce erosion from wave action. 

Plant aquatic vegetation either offshore or 
within intertidal zone. Reduces erosion 

from wave action. 

Place soil to prevent direct exposure to 
contaminated shoreline sediment. May be 
combined with aquatic vegetation offshore 
and within intertidal zone to reduce erosion 

from wave action. 

Place soil to prevent direct exposure to 
contaminated shoreline sediment. Install 
rock structure offshore 4. with crest at or 

below MHHW to reduce wave energy, and 
plant aquatic vegetation to reduce erosion 

potential. 
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Comments 

Eliminated as stand-alone option3 

Would not fully contain shoreline 
sediment from potential wave-induced 
erosion and would not satisfy RAOs. 

Eliminated as stand-alone option3 

Would not fully contain shoreline 
sediment from potential wave-induced 
erosion and would not satisfy RAOs. 

Eliminated as stand-alone option3 

Would not fully contain shoreline 
sediment from potential wave-induced 
erosion and would not satisfy RAOs. 

Eliminated as stand-alone option3 

Would not fully contain shoreline 
sediment from potential wave-induced 
erosion and would not satisfy RAOs. 

Retained for detailed evaluation. 
Assumes that offshore reef and aquatic 

vegetation could be developed in a 
manner that adequately controls 

erosion potential in intertidal shoreline 
zone. 

-ERRG 

• 



Table ES-2. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 
Feasibil ity Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Containment1 

(cont.) 

Remedial 
Technology Type 

Shoreline 
Stabilization 

(Hybrid)2 

Shoreline 
Nourishment2 

Process Option 

Natural Shoreline Materials 
with Underlying Rock 

Armor 

Berms or Dunes2 

Feeder Beach2 

Description 

Place soil to prevent direct exposure to 
contaminated shoreline sediment. Install 

rock armoring layer under soil if wave 
action causes erosion of soil. 

Place additional sand (in a berm or dune) 
at higher tidal elevations to protect onshore 
property and provide stabilizing soil source 

following storm-related erosion. 

Construct a wider beach to protect onshore 
property and provide stabilizing soil source 

following storm-related erosion. 
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Comments 

Retained for detailed evaluation. 
Stabilization options successfully 

implemented following removal action 
at Metal Debris Reef in 2007. 

Eliminated 
Would not fully contain shoreline 

sed iment from potential wave-induced 
erosion and would not satisfy RAOs. 

Difficult to implement at narrow 
Parcel E shoreline (substantial 
excavation would be required). 

Eliminated 
Would not fully contain shoreline 

sediment from potential wave-induced 
erosion and would not satisfy RAOs. 

Difficult to implement at narrow 
Parcel E shorel ine (substantial 
excavation would be required). 

---ERRG 



Table ES-2. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Notes: 

1. 

2. 

3. 

Shaded process options are eliminated for further evaluation as a remedial alternative. Eliminated technologies are not presented in text. 

GRA applies to soil only. 

Shoreline protection technologies and process options are evaluated in Appendix D. 

Eliminated as stand-alone stabilization option but may be incorporated with hybrid stabilization option. 

4. Offshore reef consisting of rocks is identified as a representative structural element for this hybrid stabilization option; however, alternative structural elements may be proposed 
that meet the design objectives and provide equal (or superior) performance relative to effectiveness, implementability, and cost. Alternative structural elements may use 
natural materials (such as oyster shells) or may involve placing the structure doser to the shore (such as a nearshore sill). See Table 3-9 for a more detailed evaluation of this 
option. 

bgs = below ground surface 

DTSC = Department of Toxic Substances Control 

EPA= U.S. Environmental Protection Agency 

FRTR = Federal Remediation Technologies Roundtable 

GRAs = general response actions 

HPS = Hunters Point Shipyard 

IR = Installation Restoration 

LLRW = low-level radioactive waste 

MHHW = mean higher high water 

NAPL = non-aqueous-phase liquid 

Sources: 

Navy = Department of the Navy 

NCP = National Oil and Hazardous Substances Pollution Contingency Plan 

O&M = operation and maintenance 

PAHs = polycylic aromatic hydrocarbons 

PCBs = polychlorinated biphenyls 

RAOs = remedial action objectives 

RBCs = risk-based concentrations 

RCRA = Resource Conservation and Recovery Act 

VOCs = volatile organic compounds 

Atlantic States Marine Fisheries Commission, 2010. "Living Shorelines: Impacts of Erosion Control Strategies on Coastal Habitats." Habitat Management Series #10. J.C. Thomas-
Blate, Editor. February. Available Online at <http://www.asmfc.org/publications/habitat/hms10LivingShorelines.pdf>. 

EPA 1997a. "Best Management Practices {BMPs) for Soils Treatment Technologies." EPA 530-R-97-007. May. 

EPA. 1997b. "Analysis of Selected Enhancements for Soil Vapor Extraction." EPA 542-R-97-007. September. 

EPA. 1998a. "Evaluation of Subsurface Engineered Barriers at Waste Sites." EPA 542-R-98_005. August. 

EPA 2000a. The Office of Solid Waste and Emergency Response Publication on Land Use Controls. Available Online at 
<http://www.epa.gov/oerrpage/superfund/action/idguide/index.htrn>. 

FRTR. 2005. Federal Remediation Technologies Roundtable Website. Accessed in January 2008. Available Online at <http://www.frtr.gov>. 

U.S. Army Corps of Engineers, 2006. •coastal Engineering Manual." April. 
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Table ES-3. Screening of GRAs and Process Options for Groundwater 

General 
Response 

Action 

No Action 

Institutional 
Controls 

Engineering 
Controls 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology Type 

Not Applicable 

Legal 
Mechanisms 

Administrative 
Mechanisms 

Physical 
Barriers 

Vapor Barrier 

Process Option 

Not Applicable 

Covenants to Restrict 
Use of Property and 
Deed Restrictions 

Land Use Plans and 
Soil and Groundwater 

Management 
Procedures and 

Policies 

Security Features and 
Signs 

Sub-Slab 
Depressurization 

Description 

No Action 

Restricts the use of the parcel using environmental 
restrictive covenants on the land. Includes criteria 

during and after future development to ensure 
mitigated exposure conditions are maintained, such as 
vapor barriers or other engineering controls (Navy and 

DTSC, 2000). Also restricts subsurface intrusive 
activities that might result in or aid the movement of 

contaminated groundwater. 

Manage and prevent exposure to humans during future 
site activities. 

Prohibits activities that could spread groundwater 
contamination by requiring locked well caps and 
secured utility access covers, and identifying and 
securing any additional conduit where humans or 

wildlife could potentially be exposed to groundwater. 
Requires posted signs and locked doors to prohibit 
occupancy of buildings or other enclosures where 
unacceptable risk exists from the vapor intrusion 

pathway. 

Install blowers and vapor collection points below a 
building to maintain a negative pressure gradient and 

prevent vapor intrusion. 
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Comments 

Retained 
Required by NCP. 

Retained 
Easily implemented and 

effective; prevents exposure to 
COCs and COECs. 

Eliminated 
Covenants to Restrict Use of 

Property and Deed Restrictions 
are sufficient to enforce land use 

and activity restrictions. 

Retained 
Easily implemented and 

effective; prevents exposure to 
COCs and COECs. 

Retained for new construction 

Effective and low-cost method to 
minimize vapor intrusion only. 



Table ES-3. Screening of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Engineering 
Controls 
(cont.) 

Monitoring 

Treatment 

Remedial 
Technology Type 

Vapor Barrier 
(cont.) 

Groundwater 
Monitoring 

Passive 

Process Option 

Sub-Slab 
De pressurization 

Epoxy Coating 

Raised-Floor System 

Periodic Groundwater 
Monitoring 

Monitored Natural 
Attenuation I 

Description 

Install blowers and vapor collection points below a 
building to maintain a negative pressure gradient and 

prevent vapor intrusion. 

Seal the floor of a building with an epoxy-based 
sealant, providing a physical barrier to vapor migration 

into buildings. 

Install a new floor above the building slab foundation 
and a depressurization system between the floors to 

maintain a negative pressure gradient and 
prevent vapor intrusion. 

Collect and analyze groundwater samples periodically 
to monitor aquifer hydraulics and chemistry and 

variations in groundwater contamination. Chemicals 
are identified for detection monitoring and evaluation 

monitoring programs. 

Allow chemicals to naturally attenuate via 
biodegradation, dispersion, dilution, or adsorption. 
Requires monitoring to assess recovery rates and 

success. 
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Comments 

Eliminated for existing buildings 
Extensive investigation into 

conditions under the building 
would be necessary to ensure 
the systems cover the entire 

foundation and utility conduits or 
other preferential pathways are 

not present 

Eliminated as a stand-alone 
technology. 

May be used in conjunction with 
sub-slab depressurization to 

improve effectiveness. 

Eliminated 
High cost; reduces the 

functionality of the structure. 

Retained 
Easily implemented; required to 
evaluate effectiveness of other 

process options; low cost. 

Retained for use as a component 
of remedial alternatives 

Periodic monitoring is easily 
implemented; low cost. 

-ERRG 

• 



Table ES-3. Screening of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Treatment 
(cont.) 

Remedial 
Technology Type Process Option 

In-Situ Physical Air Sparging with SVE 
Treatment 

In-Situ Biological 
Treatment 

Pneumatic/ Hydraulic 
Fracturing 

Anaerobic and Aerobic 
Bioremediation 

Phytoremediation 

Description 

Inject air into the bottom of a saturated zone to strip 
voes from groundwater. Extract voes from the 

unsaturated zone with SVE. 

Inject air and water under pressure into soil to enhance 
permeability by developing cracks in low-permeability 

and consolidated sediments to increase removal 
efficiency. Used as part of injection processes 

(e.g., in-situ bioremediation, ZVI). 

Introduce amendments to groundwater in areas where 
chlorinated solvents are present to enhance 

biodegradation of chlorinated voes. Amendments 
include electron donors, electron receptors, nutrients, 

and microorganisms, if necessary. Requires monitoring 
to assess program 

(FRTR, 2005). 

Allow plants to uptake water (including dissolved 
chemicals in water) and release it to the atmosphere 

through transpiration. Plant uptake is used to remove, 
transfer, stabilize, and destroy inorganic and organic 

chemicals in groundwater; requires monitoring to 
assess remedial progress. Note that phytoremediation 

may also be used to provide hydraulic control by 
uptake of contaminated groundwater (known as 

phytohydraulics ). 
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Comments 

Retained 
Easily implemented in 

conjunction with SVE; improves 
effectiveness of SVE at reducing 

voe mass in groundwater. 

Retained 
Effective at enhancing 

distribution of reagents; 
demonstrated to be 

implementable in treatment 
studies at HPS; low cost. 

Retained 
Effective for voes at moderate 

to low concentrations; easily 
implemented; moderate cost; no 
O&M costs; requires monitoring, 

but treatment should reduce 
long-term monitoring effort. 

Eliminated 
Effective for organic COCs and 
COECs at low concentrations; 
may not be implementable with 

planned reuse; moderate 
implementation cost; moderate to 

low O&M cost; requires 
monitoring; lengthy treatment 

period likely 



Table ES-3. Screening of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Treatment 
(cont.) 

Remedial 
Technology Type 

In-Situ Biological 
Treatment 

(cont.) 

In-Situ Chemical 
Groundwater 

Treatment 

Process Option 

Biosparging 

Chemical Reduction: 
ZVI Injection 

In-Situ Chemical 
Oxidation 

Description 

Add oxygen and nutrients to the injected air stream to 
enhance air sparging; enhances growth of naturally 
occurring microbes and accelerates bioremediation. 

Inject ZVI into an aquifer to encourage enhanced 
reductive dechlorination of chlorinated VOCs. 

Inject chemical oxidants into the vadose zone and 
groundwater to oxidize site chemicals, leaving water 

and carbon dioxide. Typical oxidants include hydrogen 
peroxide, potassium permanganate, and sodium 

persulfate. 
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Comments 

Eliminated 
Low effectiveness (unlikely to 

meet RAOs within a reasonable 
time frame). Other more 

effective oxidation processes are 
available. 

Retained 
Highly effective for voes; most 
efficient at high concentrations; 

implementable as a fast-reacting 
remedy; moderate to high 

success in pilot tests at HPS; 
high implementation costs with 

low O&M costs; requires 
monitoring, but treatment should 

reduce long-term monitoring 
effort. 

Eliminated 
Not effective for low-level voe 
contamination in groundwater; 

challenges posed by 
heterogeneous fill (preferential 
flowpaths), and availability of 
other relevant and effective 

technologies. 

--ERRG 

• 



Table ES-3. Screening of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Treatment 
(continued) 

Remedial 
Technology Type 

In-Situ Chemical 
Groundwater 

Treatment 
(cont.) 

Process Option 

Electrokinetic 
Separation 

Ozone Sparging with 
SVE 

Permeable Reactive 
Barriers 

Description 

Induce acidic (low pH) conditions through electronic 
current, creating an acid front at the anode and a base 

front (high pH) at the cathode. Acidic conditions 
mobilize metals for transport and collection at the 
cathode. Requires monitoring to assess remed ial 
progress (Ground-Water Remediation Technology 

Analysis Center, 1997). 

Inject ozone into the aquifer to mobilize and react with 
voes into unsaturated vadose zone soil and create a 

highly oxygenized environment; oxygenized 
groundwater chemically degrades voes (EPA, 1998b). 

Install passive or reactive treatment walls across the 
flow path of a contaminant plume, allowing the plume 

groundwater to passively move through walls while 
prohibiting movement of chemicals by using agents 

such as zero-valent metals, chelators (l igands selected 
for their specificity for a metal), sorbents, microbes, or 

others. The chemicals will either degrade or be 
retained in a concentrated form by the barrier material ; 
requires monitoring to assess remedial effectiveness. 
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Comments 

Eliminated 
Highly effective for metals but 

less effective for VOCs; requires 
subsequent disposal of collected 

COCs and COECs that may 
need additional treatment prior to 

disposal ; reactions may form 
undesirable byproducts; high 

implementation and O&M cost. 

Eliminated 
Possibility that ozone may follow 

preferential pathways or 
accumulate under or in buildings. 

Eliminated 
High level of effort to implement; 

only treats water that moves 
through the wall , not the source 

area; may have slow results 
based on groundwater gradients 

at HPS; ineffective where 
preferential pathways exist; 

implementation may conflict with 
planned reuse; limited field data 
concerning the longevity of wall 
reactivity or loss or permeability 

through precipitation (EPA, 
2000b ); would not reduce the 

vapor intrusion pathway risk; high 
implementation and O&M cost. 



Table ES-3. Screening of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Removal 

Containment 

Remedial 
Technology Type 

Extract and 
Dispose 

Physical and 
Hydraulic 
Barriers 

Process Option 

Pump and Treat 

Surfactant Enhanced 
In-Situ Flushing 

Slurry or Sheet-Pile 
Wall (with 

groundwater 
extraction wells, if 

necessary) 

Description 

Remove groundwater from the subsurface for ex-situ 
treatment. Treatment of extracted groundwater would 

be required or discharge to the POTW. 

Inject surfactants or cosolvents into the source area to 
enhance groundwater pump and treat process and 

solubilize DNAPL. Accomplish dissolved-phase 
capture through a series of extraction wells. 

Install slurry or sheet-pile walls below ground to 
contain, capture, or redirect groundwater flow. 
Can be used to decrease the groundwater flow 

gradient and consequently increase the residence time 
during which chemical concentrations would be 

reduced through physical, chemical, and biological 
processes. Where needed, groundwater extraction 
wells might be used behind a wall to further mitigate 

migration (e.g., at a landfill where landfill leachate 
poses an unacceptable risk to downgradient receptors). 
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Comments 

Eliminated 
Not effective for low-level 

contamination in groundwater; 
challenges posed by 

heterogeneous fill (preferential 
flowpaths), and availability of 
other relevant and effective 

technologies. 

Eliminated 
Difficult to implement; risk of 
mobilizing NAPL beyond site 

boundary. 

Retained 
Effective in containing chemicals 

in groundwater; implemented 
successfully at HPS in the past, 

low to moderate cost 



Table ES-3. Screening of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Notes: Shaded process options are eliminated for further evaluation as a remedial alternative. 

COCs = chemicals of concern NAPL = nonaqueous-phase liquid 

COECs = chemicals of ecological concern 

DNAPL = dense nonaqueous-phase liquid 

EPA= U.S. Environmental Protection Agency 

FRTR = Federal Remediation Technologies Roundtable 

FS = Feasibility Study 

GRAs = general response actions 

HPS = Hunters Point Shipyard 

IR= Installation Restoration 

Sources: 

NCP = National Oil and Hazardous Substances Pollution Contingency Plan 

O&M = operation and maintenance 

POTW = publicly owned treatment works 

RAOs = remediation action objectives 

SVE = soil vapor extraction 

TtEMI = Tetra Tech EM Inc. 

VOCs = volatile organic compounds 

ZVI = zero-valent iron 

EPA. 1998b. "Field Applications of In Situ Remediation Technologies: Chemical Oxidation." EPA 542-R-98_008. September. 

EPA. 2000a. The Office of Solid Waste and Emergency Response Publication on Land Use Controls. Available Online at: 
<http://www.epa.gov/oerrpage/superfund/action/ic/guide/index.htm>. 

EPA. 2000b. "A Guide to Developing and Documenting Cost Estimates During the Feasibility Study." EPN540/R-00/002. Washington, D.C. July. Available Online at: 
<http://www.epa .gov/superfund/resources/remedy/costest.htm>. 

FRTR. 2005. Federal Remediation Technologies Roundtable Website. Accessed in January 2008. Available Online at: <http://www.frtr.gov>. 

Ground-Water Remediation Technology Analysis Center. 1997. "Electrokil"]etics." July. 

Navy and DTSC, 2000. "Memorandum of Agreement Between the United States Department of the Navy and the California [Environmental Protection Agency] Department of Toxic 
Substances Control." Signed March 10. 
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Table ES-4. Screening of GRAs and Process Options for NAPL at IR-03 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

No Action 

Institutional 
Controls 

Engineering 
Controls 

Monitoring 

Removal 

Remedial 
Technology 

None J 
Legal 

Mechanisms 

Administrative 
Mechanisms 

Physical 
Barriers 

Groundwater 
Monitoring 

Physical 
Extraction 

Process Option 

None 

Covenants to 
Restrict Use of 

Property and Deed 
Restrictions 

Land Use Plans 
and Soil and 
Groundwater 
Management 

Procedures and 
Policies 

Security Features 
and Signs 

Periodic 
Groundwater 

Monitoring 

Liquid-Phase 
Pumping 

Dual-Phase 
Extraction 

Description 

NAPL PROCESS OPTIONS 

No further response actions. 

Restrictions placed on the use of land or activities that 
may take place in a given area. Complete description 

provided in Tables 3-5 and 3-6. 

Manage and prevent exposure to humans during future 
site activities. 

Prohibits activities that could spread groundwater 
contamination by requiring locked well caps and secured 

utility access covers, and identifying and securing any 
additional conduit where potential humans and wildlife 

could be exposed to groundwater. 

Collect and analyze groundwater samples periodically to 
monitor variations in aquifer chemistry and hydraulics 

and changes in groundwater contamination. 

Recover NAPL to the maximum extent practicable f 
through either traditional pumping techniques. 

Use vacuum pumps to remove various combinations of 
contaminated groundwater; separate phase petroleum 
product and hydrocarbon vapor from the subsurface. 
Extracted liquids and vapor are collected and treated. 
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Conclusion 

Retained 
No action as required by NCP. 

Retained 
Easily implemented and effective; 
prevents exposure to COCs and 

COECs. 

Eliminated 
Covenants to Restrict Use of Property 
and Deed Restrictions are sufficient to 

enforce land use and activity 
restrictions. 

Retained 
Easily implemented and effective; 
prevents exposure to COCs and 

COECs; low cost. 

Retained 
Easily implemented; effective for all 

COCs; low cost. 

Retained 
Potential high effectiveness when 
combined with thermal treatment. 

Retained 
Potential high effectiveness when 
combined with thermal treatment. 



Table ES-4. Screening of GRAs and Process Options for NAPL at IR-03 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Removal 
(cont.) 

Remedial 
Technology 

Physical 
Extraction 

(cont.) 

Process Option 

Thermally 
Enhanced 

Extraction by Hot 
Water Circulation, 
Electrical Resistive 
Heating, Thermal 

Conductive 
Heating, or Steam 

Injection 

Treatment and 
Off-Site Disposal of 

Extracted NAPU 
Groundwater 

Excavation 

Off-Site Disposal of 
Excavated NAPU 

Soil 

Description 

NAPL PROCESS OPTIONS (continued) 

Use hot water circulation, electrical resistive heating, 
thermal conductive heating, or steam injection to 

decrease viscosity in NAPL, mobilizing it for extraction. 
May need to be implemented in conjunction with 

containment action (to retain heat within treatment zone 
and prevent off-site migration of NAPL}. 

Treat extracted NAPL, groundwater, and vapor prior to 
disposal. Depending on the POTW facility pretreatment 

requirements and other potential regulatory issues, 
extracted groundwater can be conveyed and discharged 

to a POTW facility. 

Remove contaminated material with heavy equipment. 
Excavated soil can be stockpiled on site for treatment or 

transported to a permitted off-site treatment and 
disposal facility. 

Collect and transport soil to an appropriate treatment, 
storage, or disposal facility. Disposal of soil would 

involve constructing on-site staging area from which soil 
would be transferred to trucks and transported to an 

off-site facility. 
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Conclusion 

Retained 
Significantly improves effectiveness in 

recovering viscous NAPL source 
areas using standard extraction 

techniques. Extraction not feasible 
without enhancement; moderate 

capital cost; moderate to high 
operational cost due to power 

consumption. Capital cost can be 
partially offset if equipment is used for 
thermal treatment upon completion of 

NAPL extraction. 

Retained for further evaluation as a 
component of remedial alternatives. 

High effectiveness and 
implementability. 

Retained for consideration of ex-situ 
treatment or off-site disposal 

scenarios. 

Retained 
Highly effective; off-site disposal 

could be used for (1) disposal of small 
volumes of process residuals or 

(2) sitewide cleanup of soil 
from IR-03. 

---ERRG 
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Table ES-4. Screening of GRAs and Process Options for NAPL at IR-03 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Containment 

In-Situ 
Treatment 

Remedial 
Technology 

Covering and 
Capping 

Hydraulic 
Barriers 

Solidification/ 
Stabilization 

Process Option 

Soil Cover or 
Engineered 

Alternative Cap 

Slurry or Sheet
Pile Wall 

In-Situ Mixing 

Ex-Situ Mixing l 

Description 

NAPL PROCESS OPTIONS (continued) 

Isolate contaminated soil and buried debris from 
potential humans or wildlife at the site using a 

soil cover or engineered alternative cap. 

Install slurry or sheet-pile walls below the ground to 
contain , capture, or redirect groundwater flow in the 

vicinity of IR-03. 

Mix one or more reagents directly into contaminated 
soil/NAPL with mechanical equipment. Reagents may 

include stabilizing agents (such as cement or bentonite) 
and reactive agents (such as a chemical oxidant). 

Excavate contaminated soil and NAPL, transport to 
on-site location, and spread in layers. Mix a binding 

reagent into soil/NAPL with mechanical equipment and 
transport/place stabilized material in excavation. 
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Conclusion 

Retained 
Easily implemented; a low

permeability geosynthetic clay cap 
was installed over the surface of 

IR-03 in 1997; effective in eliminating 
exposure; low to moderate cost. 

Retained Effective in containing NAPL 
and groundwater contaminants. Easy 
to moderate implementability; may be 

difficult to implement close to 

L shoreline because large debris is 
present; moderate to high cost. 

I 

Retained 
Effective in stabilizing NAPL if 

homogeneous mixing is achieved; 
may be difficult to implement close to 

shoreline because large debris is 
present. Moderate to high capital 

cost; low O&M cost. 

Retained 
Effective in stabilizing NAPL with 
homogeneous mixing process; 

implementation may be limited by 
available on-site area. High capital 

cost; low O&M cost. 



Table ES-4. Screening of GRAs and Process Options for NAPL at IR-03 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

In-Situ 
Treatment 

Remedial 
Technology 

Biological 
Treatment 

Chemical 
Treatment 

Process Option 

Anaerobic and 
Aerobic 

Bioremed iation 

In-Situ Chemical 
Oxidation 

Description 

NAPL PROCESS OPTIONS (continued) 

Introduce amendments to subsurface to enhance 
biodegradation of NAPL. Amendments include electron 

donors/receptors, nutrients, and microorganisms. 

Inject chemical oxidants into subsurface to oxidize 
NAPL. Typical oxidants include hydrogen peroxide, 
potassium permanganate, and sodium persulfate. 

Conclusion 

Eliminated as stand-alone option for 
NAPL treatment, but may be 

considered to address associated 
groundwater contamination. 

Thick, viscous nature of NAPL would 
limit effectiveness of in-situ 

biodegradation and chemical 
oxidation. 

ADDITIONAL OPTIONS TO ADDRESS ASSOCIATED GROUNDWATER 

In-Situ 
Treatment 

Thermal 
Treatment 

Biological 
Treatment 

Passive 

Thermal Treatment 
by Electrical 

Resistive Heating, 
Thermal 

Conductive 
Heating, or Steam 

Injection 

Anaerobic and 
Aerobic 

Bioremed iation 

Monitored Natural 
Attenuation 

Use electrical resistive heating, thermal conductive 
heating, or steam injection to vaporize voes and 

SVOCs in groundwater. The vaporized chemicals are 
subsequently captured using vacuum extraction 

(e.g., SVE). May need to be implemented in conjunction 
with containment action (to retain heat within treatment 

zone and prevent off-site migration of NAPL). 

Introduce amendments to groundwater to enhance 
biodegradation of organic chemicals. Amendments 

include electron donors, electron receptors, nutrients, 
and microorganisms, if necessary. 

Requires monitoring to assess program. 

Allow chemicals to naturally attenuate via 
biodegradation, dispersion, dilution, or adsorption. 

Requires monitoring to assess reduction rates. 
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Retained 
Easily implemented as a follow-up 

step to thermally-enhanced 
extraction; effective at treating organic 

compounds in groundwater, short 
treatment duration; high operational 

cost due to power consumption. 

f Retained 
Effective at moderate to low 

concentrations; easily implemented at 
moderate cost; no O&M cost; requires 

monitoring, but treatment should 
reduce long-term monitoring effort. 

Retained 
Periodic monitoring is easily 

implemented; low cost. 

--ERRG 
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Table ES-4. Screening of GRAs and Process Options for NAPL at IR-03 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 
Remedial 

Technology Process Option Description Conclusion 

ADDITIONAL OPTIONS TO ADDRESS ASSOCIATED GROUNDWATER (continued) 

In-Situ 
Treatment 

Chemical 
Treatment 

Treatment Barrier Integrate reactive components into a hydraulic barrier to 

In-Situ Chemical 
Oxidation 

mediate contaminant destruction using "funnel and gate" 
approach. 

Inject chemical oxidants into vadose zone and 
groundwater to oxidize site chemicals to water and 
carbon dioxide. Typical oxidants include hydrogen 
peroxide, potassium permanganate, and sodium 

persulfate. 

Notes: Shaded process options are eliminated for further evaluation as a remedial alternative. 

COCs = chemicals of concern 

COECs = chemicals of ecological concern 

OPE = dual-phase extraction 

IR= Installation Restoration 

NAPL = nonaqueous-phase liquid 

NCP = National Oil and Hazardous Substances Pollution Contingency Plan 

O&M = operation and maintenance 

POTW = publicly owned treatment works 

SVE = soil vapor extraction 

VOCs = volatile organic compounds 
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Eliminated 
Low effectiveness and high cost due 

to long treatment period. 

Eliminated 
Low effectiveness due to difficulty 
achieving contact of injected agent 
with low-level, widespread residual 

contamination . Pilot tests using 
chemical oxidation with 

permanganate at Parcel C were found 
to be difficult to implement because of 
unanticipated preferential flow paths. 

---ERRG 



Table ES-5. Comparative Analysis of Soil Remedial Alternatives for Parcel E 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Alternative 5-1 : No Action Not Not 0 0 • Protective Applicable 

Alternative 5-2: Covers, ICs, and 
Protective Meets t) 0 I) 

Shoreline Revetment ARARs 

Alternative 5-3: Excavation and Off-Site Disposal 
of Tier 1 Locations, Followed by Covers, ICs, and Protective Meets 0 ARARs Shoreline Revetment 

Alternative 5-4: Excavation and Off-Site Disposal 
Protective Meets 

of Tier 1 and Tier 2 Locations, Followed by ARARs • t) 
Covers, 5VE, ICs, and Shoreline Revetment 

Notes: 

• so 0 

I) $35.2 • 
$48.7 

$50.2 

a Overall protection of human health and the environment and compliance with ARARs are threshold criteria and alternatives are judged as either meeting ex not meeting the criteria. 

ARARs applicable or relevant and appropriate requirements 
ICs institutional controls 

Page 1 of 1 

Legend: 

0 Not acceptable 

0 Poor 

t) Good 

I) Very Good 

• Excellent 



Table ES-6. Comparative Analysis of Groundwater Remedial Alternatives for Parcel E 
Feasibility Study Report for Parcel E, Hunters Point Shipyard , San Francisco, California 

Alternative GW-1: No Action 
Not 

Protective 

Alternative GW-2: ICs and Long-Term Not 
Groundwater Monitoring Protective 

Alternative GW-3A: Groundwater Containment, 
In-Situ Bioremediation, Monitored Natural Protective 
Attenuation, and ICs 

Alternative GW-3B: Groundwater Containment, 
In-Situ Bioremediation, Zero-Valent Iron Reduction, Protective 
Monitored Natural Attenuation, and ICs 

Alternative GW-4: Groundwater Containment, 
Protective In-Situ Bloremediatlon, Air Sparging, Monitored 

Natural Attenuation, and ICs 

Notes: 

Not 
Applicable 

Does Not 
MeetARARs 

Meets 
ARARs 

Meets 
ARARs 

Meets 
ARARs 

0 

0 

I) 

0 

0 

() 

• 

() 

• $0 

• $2.6 

$4.5 

$5.7 

$5.9 

0 

0 

a Overall protection of human health and the environment and compliance with ARARs are threshold criteria and alternatives are judged as either meeting or not meeting the criteria. 

ARARs applicable or relevant and appropriate requirements 
ICs institutional controls 

Page 1 of 1 

Legend : 

0 Not acceptable 

0 Poor 

() Good 

I) VeryGood 

• Excellent 
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Table ES-7. Comparative Analysis of NAPL Remedial Alternatives for Parcel E 
Feasibility Study Report for Parcel E, Hunters Point Shipyard , San Francisco, Californ ia 

Alternative N-1 : No Action 
Not 

Protective 

Alternative N-2: Source Containment, Long-Term Protective 
Monitoring, and ICs 

Alternative N-3: Source Removal or Treatment, 
Protective 

Containment, MNA, and ICs 

Alternative N-4A: Source Removal or Treatment, 
Groundwater Treatment by In-Situ Bloremediation, Protective 
Containment, MNA, and ICs 

Alternative N-4B: Source Removal or Treatment, 
Protective Groundwater Treatment by Steaming, 

Containment, MNA, and ICs 

Alternative N-5: Source Removal by Excavation 
and NAPL ExtractionfTreatment, Groundwater Protective 
Treatment by In-Situ Bloremedlation, MNA, and ICs 

Alternative N-6: Source Removal by Excavation, 
Protective 

MNA,and ICs 

Notes: 

No 

Meets 
ARARs 

Meets 
ARARs 

Meets 
ARARs 

Meets 
ARARs 

Meets 
ARARs 

Meets 
ARARs 

~ 

0 

() 

() 

() 

() 

() 

I) 

0 

0 

() 

I) 

0 

• 

() 

() 

0 

• $0 0 

I) $1 .7 () 

I) $13.1 () 

I) $14.7 

() $16.2 () 

I) $22.0 0 

0 $21 .8 0 

a Overall protection of human health and the environment and compliance with ARARs are threshold criteria and alternatives are judged as either meeting or not meeting the criteria. 

ARARs applicable or relevant and appropriate requirements 
ICs institutional controls 

Page 1 of 1 

Legend: 

0 Not acceptable 

0 Poor 

() Good 

I) Very Good 

• Excellent 
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Section 1. Introduction 

This report summarizes the results of a Feasibility Study (FS) performed for Parcel E at Hunters Point 

Shipyard (HPS) in San Francisco, California (Figure 1-1). In 1989, the U.S. Environmental Protection 

Agency (EPA) identified HPS as a National Priorities List site. As a result, the Department of the Navy 

(Navy) is conducting investigations in accordance with the Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA) (Title 42 United States Code [U.S.C.] Sections [§§] 9601-

9675) at a number of Installation Restoration (IR) sites at HPS where releases of CERCLA hazardous 

substances have occurred. As a management tool to accelerate site investigation, cleanup, and reuse, HPS 

was divided into parcels and IR sites within each parcel are evaluated concurrently. 

HPS is currently divided into 10 parcels, as shown on Figure 1-1. In 1992, the Navy divided HPS into five 

contiguous parcels (A through E). In 1996, the Navy added a sixth parcel (Parcel F), which encompasses 

immediately adjacent areas of San Francisco Bay; Parcel F is referred to as the "offshore area." In 

September 2004, the Navy divided Parcel E into two parcels (Parcels E and E-2) to facilitate closure of the 

Parcel E-2 Landfill and its adjacent areas. In December 2004, the Navy transferred Parcel A to th_e San 

Francisco Redevelopment Agency (SFRA). In July 2008, the Navy subdivided Parcel D into four separate 

parcels (Parcels D-1, D-2, G, and UC-1) and separated the western edge of Parcel C to create Parcel UC-2; 

these changes were made to expedite closure and transfer of the new parcels. In August 2012, concurrent 

with the final version of the Parcel E FS Report, the Navy changed the boundary between Parcels E and E-2 

to better align the CERCLA documentation with the City and County of San Francisco's (CCSF) amended 

redevelopment plan for HPS (SFRA, 2010c). The August 2012 boundary change is shown on Figure 1-2 

and is discussed further in Section 2.1.2. 

The Navy previously completed parcel-wide Remedial Investigation (RI) and FS Reports (Tetra Tech EM 

Inc. [TtEMI], Levine-Fricke-Recon [LFR], and Uribe & Associates [U&A] 1997; TtEMI 1998a) for 

Parcel E, which encompassed the area later subdivided as Parcel E-2. During review of the previous RI ·· 

and FS Reports, the Navy and the regulatory agencies identified additional tasks to better characterize 

Parcel E and support the remedy evaluation at the parcel. The Navy conducted additional field 

investigations to gather supplementary information needed to support the Parcel E remedy evaluation. 

The Navy finalized a Revised RI Report for Parcel E that evaluated information from field investigations, 

ongoing groundwater monitoring, and removal actions performed through December 2004 (Barajas and 

Associates, 2008b ). 

This FS Report is part of ongoing efforts by the Navy to address contamination at HPS Parcel E in 

accordance with CERCLA. The FS is a mechanism for developing, screening, and evaluating remedial 
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Section 1 Introduction 

· alternat.ives to aadress risk identified during an RI under the CERCLA process. This FS Report also 

· > ·evaiuates, for the.purposes of developing re~edial alternatives, the following additional data collected 

since December. 2004: (1) analytical results -of confirmation soil samples collected during recently 

completed removal actions (Tetra Tech EC, Inc. [TtECI], 2007a, 2007b, and 2007c); (2) groundwater data , . 

from the ongoing monitoring program (Kleinfelder, Inc. and CDM Federal Programs Corporation, 2006a, 

2006b, and 2006c; CEZ-Kleinfelder Joint Venture, 2006, 2007a through 2007e, 2008a and 2008b, 2009a 

and 2009b, and 2010a and 2010b); and (3) groundwater and soil gas data collected as part of groundwater 

treatability studi~s conducted at Parcel E (Shaw Environmental, Inc. [Shaw], 2011). 

The Revised RI Report, as well as the Draft FS Report, was based on CCSF's original redevelopment 

plan for HPS, which was published in 1997. In 2010, CCSF published an amended redevelopment plan, 

which resulted i? significant changes in the proposed land use for Parcel E. Specifically, the amended 

redevelopment plan identifies two land use districts within th~ Parcel E boundaries: the Shipya~d South 

Multi-Use Distri6t, encompassing the central and northern portion of Parcel E, and the Shipyard Shoreline 

Open Space District, encompassing the shoreline area and the southern portion of Parcel E. Accordingly, 

the redevelopmeµt blocks evaluated in the FS and the corresponding evaluation of remedial alternatives 
I . . 

have changed significantly from the draft version of the FS Report. This change is discussed in further 
., 

detail in Section 2.1.2. 

For the purposes of this FS Report, the Navy divided Parcel E into smaller evaluation areas in three 

sequential steps.!: First, the Navy divided Parcel E into general reuse areas based on the CCSF amended 

redevelopment plan for HPS (SFRA, 2010c). Second, each reuse area at Parcel E was divided into 

"redevelopment blocks" to facilitate data presentation in this FS Report. Third, conceptual roadways 
. . 

within each reus1 area were incorporated into Navy-defined redevelopment blocks that corresponded with 

planned reuse bdundaries and IR sites, where possible. Figure 1-2 shows the boundaries of reuse areas, 
!' 

. redevelopment blocks, and IR sites at Parcel E. 

As noted on Figure 1-2, the proposed roadway at the western half of Crisp A venue does not contain 
i) 

chemicals in soil j1or groundwater requiring evaluation in this FS Report, thus this area was not included in 

the Navy-defined, redevelopment blocks. However, this area contains storm drain and sanitary sewer lines 

(part of IR-50) :that were determined to be radiologically impacted in the Historical Radiological 

Assessment (HRA) (Naval Sea Systems Command [NAVSEA], 2004). As defined in the HRA, 

radiologically irilpacted areas have the potential for radioactive contamination based on historical 
Ir ._. • • . 

information or aie known to contain or have contained radioactive contamination. These lines are being 

removed under a basewide removal action to address potential radioactive contamination (Navy, 2006a). 

Removal of the storm drain and sanitary sewer lines along Crisp A venue will expedite closure and 
I 

transfer of this aiea, which will be used as a utility corridor. Similar to the approach used at other HPS 

parcels, the Navy has established an interim designation for Crisp Avenue (Parcel UC-3) to reflect its plan 

to separate this future utility corridor from the rest of Parcel E. The Navy will describe the subdivision of 
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Section 1 Introduction 

Parcel E in the proposed plan. In addition, the railroad right-of-way comprising IR-52 is part of the 

CCSF's redevelopment plan for the Bayview Hunters Point redevelopment project adjoining HPS (SFRA, 

2010b), and is planned for predominantly light industrial reuse. The Navy plans to include IR-52 as part 

of future Parcel UC-3 because it is directly adjacent to Crisp Avenue. 

As the lead agency, the Navy is working with EPA Region 9 and the California Environmental Protection 

Agency's Department of Toxic Substances Control (DTSC) and the San Francisco Bay Regional Water 

Quality Control Board (Water Board) to develop and implement the remedial alternatives for Parcel E. 

The Navy coordinates activities at HPS with the regulatory agencies under the terms of a Federal Facility 

Agreement (FF A), which provides a procedural framework and schedule for the CERCLA cleanup 

process at RPS (Navy, EPA, DTSC, and Water Board, 1991). The Navy, EPA, DTSC, and Water Board 

representatives are collectively referred to as the Base Realignment and Closure (BRAC) Cleanup Team 

(BCT) for RPS. 

1.1. PURPOSE AND SCOPE 

_The purpose of this FS Report for Parcel E is to evaluate remedial alternatives applicable at Parcel E 

based on the findings of the Revised RI Report and additional data collected since December 2004. The 

BCT will use this FS Report to assist in evaluating the appropriate remedial actions for Parcel E to allow 

transfer of the property to the CCSF . 

This FS report was prepared in accordance with the National Oil and Hazardous Substances Pollution 

Contingency Plan (NCP) (Title 40 Code of Federal Regulations [CFR] Part 300) and EPA guidance, 

"Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA" (BP A, 

1988). The NCP states that remediation should be accomplished through the use of cost-effective 

remedial alternatives that effectively lessen threats to and provide adequate protection of public health, 

welfare, and the environment (55 Federal Register [Fed. Reg.] 8850, March 8, 1990). Remedial 

alternatives that are protective of human health and the environment are evaluated in this FS Report. 

During the FS process, remedial alternatives are developed by incorporating medium-specific 

technologies into cleanup alternatives. The process consists of the following general steps: 

• Develop remedial action objectives (RAOs) specifying the chemicals and media of concern, 
exposure pathways, and preliminary remediation goals (PR Gs) that permit a range of treatment 
and containment alternatives to be developed. The RAOs are developed based on chemical
specific applicable or relevant and appropriate requirements (ARARs) and the risk evaluation 
results included in the RI Report. 

• Develop general response actions (GRAs) for each medium defining containment, removal, 
treatment, or other actions (such as institutional controls, engineering controls, or monitoring), 
singly or in combination, that may be taken to satisfy the RAOs for the site. Identify volumes or 
areas to which GRAs would apply. 
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Section 1 Introduction 

• Identify and screen remedial technologies for each GRA to determine which technologies could 
be implemented technically and cost effectively at the site. 

• Identify and screen process options for each remedial technology that are most appropriate for use 
at the site. 

' 

• Develop :~emedial alternatives by combining retained process options. 
,, 

• Evaluate!the alternatives against the evaluation criteria established by the NCP and against each 
other. i 

!i A 

This FS Report addresses only CERCLA-regulated chemicals that are not radioactive. As a result, a 

· radiological add~ndum to the FS Report is being prepared to evaluate the nature and extent of radiological 

contamination a~
1

d risk to human health and the environment, as well as to develop alternatives to address 

the radiologically impacted sites identified in the HRA (NAVSEA, 2004). As defined in the HRA, 

radiologically impacted sites have the potential for radioactive contamination based on historical 

information or are known to contain or have contained radioactive contamination. A draft final version of 

the radiological addendum to the. FS Report was submitted in 2011 (Engineering/Remediation Resources 
,, 

Group, Inc. [EMG] and Radiological Survey and Remedial Service, LLC [RSRS], 2011 ). The following 

sites at Parcel E were designated as radiologically impacted (Figure 1-3): 

■ Building!:406 ■ Building 707 and Kennels 
■ Building!:414 ■ Building 707B Site 

!1 

■ Former Building 500 Series Site, which ■ Building 707C Site 
includes :~he following sites and ■ Building 707 Triangle Area 
surrounding area: ■ Building 708 
• Buil4ing 500 

■ Building 807 Site 
• Building 503 Site ■ Building 810 
• Building 506 Site ■ Building S-719 Site (suspected incinerator 
• Buil~ing 507 Site site in IR-02 Northwest) 
• Building 508 Site ■ Shack 79 Site 

,, 

• Building 509 Site ■ Shack 80 Site 

• Buil9ing 510 Site ■ IR-02 (Bay Fill Area) 

• Builging 51 0A Site ■ IR-03 (Former Oil Reclamation Ponds 
I Area) • Building 517 Site ,, 

■ IR-04 Scrap Yard . Buil~ing 520 Site 
1, ■ Former Salvage Yard . Building 521 

Buil~ing 529 Site 
■ Parcel E Shoreline 

• 
i ■ Pier 2 and 3 (including Building 527) 

■ Building, 701 Site 
■ Sanitary Sewer System 

■ Building: 704 Animal Pens 
■ Storm Drain Lines 

■ Building 704 Former Radioactive Material ■ Septic Sewer Lines 
Storage Yard 
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Section 1 Introduction 

The radiological addendum includes the following components: 

• A conceptual site model (CSM)for radiological contamination, including a risk evaluation 

• Radionuclides of concern 

·• .. RAOs for radionuclides 

• Potential ARARs for radionuclides 

• Evaluation of additional costs for soil and groundwater alternatives to include radionuclides 

• Remedial alternatives for relevant media for radiological contamination, such as structures 

■ Evaluation of the performance of remedial alternatives relative to NCP criteria 

• Radiological dose and risk assessments 

Both chemical and radiological contaminants will be addressed together in the Proposed Plan. 

Based on the operational history of HPS, total petroleum hydrocarbons (TPH) are likely to be present in 

Parcel E soil and groundwater at concentrations that pose risks to human health and the environment. To 

evaluate these potential risks at Parcel E, the Navy included TPH in previous investigations at Parcel E. 

Although TPH is not included in the definition of hazardous substances under CERCLA, some sites 

.where TPH is commingled with CERCLA-tegulated substances are being addressed under the Navy's 

IR Program process and are evaluated in this FS Report. Areas of TPH contamination that contain only 

fuel-related chemicals are addressed under the TPH corrective action program for Parcel E (Shaw, 2009b) 

and are not evaluated in this FS Report. 

1.2. REPORT ORGANIZATION 

This report has six sections, including this introduction. After this introduction, the second section 

summarizes site characterization from the Revised RI Report for Parcel E, and the remaining sections 

present the results of the FS process for Parcel E, as summarized below. 

■ 

■ 

Section 2 - Site Characterization, summarizes site characterization information for HPS and 
Parcel E, including (1) the history of HPS; (2) the environmental setting ofHPS; (3) the nature 
and extent of contamination in soil, groundwater, and shoreline sediment; and ( 4) the CSM. Data 
presented in the Revised RI Report are supplemented with soil and groundwater data collected 
since December 2004. The site characterization presents the nature and extent of the chemicals of 
concern (COCs) identified in soil and groundwater based on the Revised RI Report. 

Section 3 - Remedial Action Objectives, Applicable or Relevant and Appropriate 
Requirements, General Response Actions, and Process Options, presents RAOs, PRGs, and 
ARARs for Parcel E based on the site characterization and risk evaluation results. GRAs are then 
identified that address the RAOs and ARARs. Process options associated with each GRA are 
screened for technical effectiveness, implementability, and cost. 
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Section 1 Introduction 

• Section 4 -.::.: Developmetit and Description of Remedial Alternatives, presents a detailed 
·. . . 'i ... ·. . .. . . . . 
description of the remedi.al alternatives that were developed based on the retained process options 
in Sectioh· 3 tha·t will satisfy the RA Os. Process options recommended for consideration are · · 
assembl~d, singularly or in combination, t~ create the remedial alternatives. 

• Section 5 - Detailed and Comparative Analysis of Remedial Alternatives, presents the ,. 

evaluation of each remedial alternative developed in Section 4 against the NCP's evaluation 
criteria and against each other to evaluate their relative advantages and disadvantages with 
respect tq the nine evaluation criteria. 

• Section 6 - References, presents a list of documents and supporting material used to generate 
this report. 

In addition, evaluations and additional information for this FS Report are presented in the following 

appendices: 

■ 

■ 

■ 

Appendix A:- Evaluation of Migration of Chemicals in Groundwater to the Aquatic 
Environment, presents the results of the screening evaluation to select chemicals of ecological 
concern (COECs) based on the potential effects to San Francisco Bay. Appendix A also presents 
the trigger levels developed for Parcel E to protect marine organisms in the bay. 

Appendix B - Applicable or Relevant and Appropriate Requirements, identifies and 
evaluatd potential federal and state of California ARARs, and presents the Navy's 

I! 

determinations regarding the applicability of the ARARs to the alternatives in this report. The 
ARARs ke summarized in Section 3 of this FS Report. 

Appendix C - Conceptual Groundwater Monitoring Approach and Exit Strategies, presents 
the basis 

1

:for and the proposed groundwater monit~ring at Parcel E. The proposed monitoring 
approach is used as the basis for estimating costs associated with a potential future remedial 
action monitoring plan. 

• . Appendi,x D - Evaluation of Shoreline Protection Options, evaluates the various shoreline 
protectioh options for Parcel E, identifies the most viable shoreline protection options, and 
analyzes !the proposed shoreline protection relative to pertinent ARARs. 

■ 

■ 

■ 

Append~~ E - Remedial Alternatives Cost Estimates, presents detailed costs and associated 
assumptions for each alternative that were used to support the evaluation of the cost criterion in 
Section 5. Appendix E includes detailed spreadsheets that provide per unit costs and quantities 
for each line item. 

Appendix F - Analysis of Green and Sustainable Remediation Metrics, provides information 
regarding the environmental footprint of the technologies that make up the remedial alternatives. 
This anal:~sis allows sustainability metrics to be considered qualitatively in evaluating the short
term effettiveness of each remedial alternative. 

Appendix G - Responses to Comments on Draft and Draft Final Feasibility Study Report, 
presents.responses to comments received on the Draft and Draft Final FS _Report for Parcel E . 
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Section 2. Site Characterization 

This section presents site characterization information concernmg HPS and Parcel E. Section 2.1 

provides HPS's history, including occupancy over time, geographic units, and a summary of prior 

investigations, removal actions, and treatability studies. Section 2.2 provides information about HPS's 

environmental setting, including land use, historic areas, climate, topography and surface water drainage, 

ecology, geology, hydrogeology, and current groundwater use and potential beneficial uses. Section 2.3 · 

summarizes the nature and extent of chemicals in soil, shoreline sediment, and groundwater in Parcel E. 

Section 2.4 presents the CSM for Parcel E. Section 2.5 summarizes the risk evaluations for humans and 

wildlife based on exposure to soil, shoreline sediment, and groundwater in Parcel E. 

2.1. HUNTERS POINT SHIPYARD HISTORY 

The purpose of this section is to provide a historical context for the reader. Section 2.1, 1 presents the 

history of occupancy at HPS. Section 2.1.2 describes the spatial geographic units at Parcel E. 

Section 2.1.3 summarizes the history of investigations to provide further background on workcompleted 

to characterize Parcel E. 

2.1.1. HPS Occupancy History 

HPS was owned and operated by Bethlehem Steel as a commercial dry dock facility until 1939, when the 

Navy purchased the property. Upon entry of tµe U.S. into World War II in 1941, the Navy immediately 

began to expand HPS into a naval shipyard. The Navy began excavation of the hills surrounding the 
._. I 

shipyard, using the resulting spoils to expand the shoreline into San Francisco Bay. Quays, docks, and 

support buildings were built on an expedited wartime schedule to support the shipyard's mission of fleet 

repair and maintenance (NA VSEA, 2004). 

Immediately after the end of World War II, the Navy used the expansive berthing facilities at HPS for 

reserve fleet ships returning from the Pc3;cific. By 1951, HPS shifted from operating as a general repair 

facility to specializing in submarine maintenance and repair. However, the Navy continued to operate 

Pacific Fleet carrier overhaul and ship maintenance repair facilities at HPS through the 1960s. In addition 

to these shipyard operations, the Naval Radiological Defense Laboratory (NRDL) occupied buildings at 

HPS, including several buildings at Parcel E, during the 1950s and 1960s to conduct practical and applied 

research on radiation decontamination methods and on the effects of radiation on living organisms and 

natural and synthetic materials. The NRDL ceased operations in 1969 (NA VSEA, 2004). Radiological 

operations at HPS are discussed in. Section 2.1.3.5. Use of the shipyard began to decline steadily in the 
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Section 2 Site Characterization 

late 1960s and early 1970s, and the shipyard was disestablished as an active Naval facility in 1974 

(NA VSEA, 2004). 

In 1976, the Na~y leased 98 percent of HPS to a private ship repair company, Triple A Machine Shop, 

Inc. (Triple A). Triple A leased the property from July 1, 1976, to June 30, 1986. During the lease 

period, Triple A hsed dry docks, .berths, machine shops, power plants, various offices, and warehouses to 
'! 

repair commerci~l and Navy vessels. Triple A also subleased portions of the property to various other 

businesses. 

In 1986, the Nav~ resumed occupancy of HPS. Many of the subtenants under Triple A's lease remained . 
tenants under thelNavy's reoccupancy in 1986. Triple A vacated the property in March 1987. Only a few 

tenants remain at
1
iHPS, primarily the San Francisco Police Department and an artist colony. 

2.1.2. Geographic Units at HPS and Parcel E 

Geographic unit~: at HPS include parcels, IR sites, and redevelopment blocks. This section discusses the 

relationship of these units. At each parcel, contaminated sites at HPS were designated as IR sites based 
! 

on information d'eveloped during the previous investigations. IR sites were in most cases identified by a 

two-digit numbe~; for example, IR-02. Site characterization activities and sampling data were mostly 

planned and org~nized by IR site. To assess risk, the BCT agreed to divide all of HPS into two different 
:I 

sized grids (resiperttiaJ and industrial) as a method of statistically calculating risk within an area for . . 
different future l~nd use scenarios. The CCSF designated redevelopment blocks for portions of HPS in 

accordance with i
1
the planned future reuse. This report uses redevelopment blocks, adjusted by the Navy 

to facilitate data ;presentation and· evaluation, as the basis for developing remedial alternatives to address 

potential unacceptable risk present within Parcel E. Accordingly, references to redevelopment blocks 

contained elsewhere in this FS Report refer to the Navy-defined redevelopment blocks. The Navy 
,: 

acknowledges that the boundaries of individual redevelopment blocks may be revised during 
.. !' 

redevelopment; ~he Record of Decision (ROD) will list the bo.undaries of the reuse categories consistent 

with the CCSF's!iamended redevelopment plan (SFRA, 2010c). The chemicals at Parcel E determined to 

pose a potential :pnacceptable risk to human health were identified as COCs. COCs are identified when 

the chemical-spe1~ific risk exceeds lE-06 or the noncancer hazard exceeds 1. IR sites are still referred to 
11 

in the characteri;~ation sections of this FS Report ~s they relate to historical operations and resulting 

sources of contamination found in soil, groundwater, and shoreline sediment at Parcel E. 
'I 

The CCSF's am~nded redevelopment plan (SFRA, 2010c) identifies reuse areas at HPS and, as discussed 
Ir 

briefly in Secti~n 1, the Navy subdivided the reuse areas in Parcel E into redevelopment blocks to 

facilitate data pr~sentation in this FS Report. In some cases, IR sites are completely contained within 
•• 1, • 

redevelopment b}ocks; and in other cases, the IR sites cross redevelopment block boundaries. Figure 1-2 

shows Parcel E Jeuse area boundaries, the redevelopment blocks, and the IR site boundaries. Table 2-1 

outlines the correlation between the redevelopment blocks and the IR sites. 
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Section 2 Site Characterization 

Parcel E includes 21 IR sites associated with former shipyard operations: IR-02 Central, IR-02 Northwest, 

IR-02 Southeast, IR-03, IR-04, IR-05, IR-08, IR-11/14/15, IR-12, IR-13, IR-36 North, IR-36 South, IR-36 

West, IR-38, IR-39, IR-40, IR-52, IR-54, IR-56, IR-72, and IR-73 (see Figure 1-2). IR-08, IR-36 North, 

IR-36 South, IR-36 West, IR-38, and IR-39 were initially located in Parcel D and addressed in the original 

Parcel D RI Report. IR-36 North, IR-36 South, and IR-36 were added to Parcel E in 1998 (TtEMI, 1998a), 

and IR-08, IR-38, and IR-39 were added to Parcel E in 2005 (Navy, 2005). Parcel E also includes four IR 

sites that were established for the former utility network at HPS (see Figures 2-1 and 2-2): IR-45 (steam 

line system), IR-47 (fuel ·distribution lines), IR-50 (storm drain and sanitary sewer systems), and IR-51 

(former electrical transformer locations). 

Based on the original (1997) redevelopment plan, Parcel E consisted of 13 redevelopment blocks. Land 

uses within the 13 redevelopment blocks included mixed use, industrial,· research and development, 

maritime-industrial, and open space. Based on the CCSF's amended redevelopment plan (SFRA, 2010c), 

two land use districts .are now located on Parcel E: the Shipyard South Multi-Use District and the 

Shipyard Shoreline Open Space District. The two districts and their proposed land uses ate described 

below. 

The Shipyard South Multi-Use District encompasses the central and northemportion of Parcel E. The 

proposed principal land uses in Shipyard South Multi-Use District include athletic and recreational 

facilities; office and industrial uses; multi-media and digital arts uses; institutional uses; retail sales and 

services; and civic, arts, and entertainment (SFRA, 2010c). The Shipyard South Multi-Use District also 

includes a proposed new stadium for the San Francisco 49ers (located in adjoining Parcel G with support 

facilities proposed at Parcel E). If the new stadium is not developed in this district, the principal uses 

allowed would be residential and institutional {ises. As previously discussed, the Navy subdivided the 

Shipyard South Multi-Use District into smaller redevelopment blocks to facilitate the data presentation in 

this FS Report. These Navy-defined redevelopment blocks in Parcel E are MU-1, MU-2, and MU-3. 

The Shipyard Shoreline Open Space District encompasses the shoreline area and the southern portion of 

Parcel E. The principal land uses in the Shipyard Shoreline Open Space District include active and passive 

recreation, plazas and promenades, wetlands restoration, and ancillary commercial use (SFRA, 2010c). 

Similar to the Shipyard South Multi-Use District, the Navy subdivided the Shipyard Shoreline Open Space 

District into smaller redevelopment blocks (EOS-1 through EOS-4, EOS-5A, EOS-5B, and EOS-5C) to 

facilitate the data presentation in this FS Report. As noted on Figure 1-2, the proposed roadway along the 

existing Crisp A venue does not contain chemicals in soil or groundwater requiring evaluation in this FS 

Report, thus this area was not included in the Navy-defined redevelopment blocks. In addition, the railroad 

right-of-way comprising IR-52 is part of the CCSF's redevelopment plan for the Bayview Hunters Point 

redevelopment project adjoining HPS (SFRA, 2010b), and is planned for predominantly light industrial 

reuse . 
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Section 2 Site Characterization 

This FS Report organizes the presentation of soil and shoreline sediment data by the Navy-defined 

redevelopment block, including the nature and extent of contamination, risk evaluation results, RAOs, 

GRAs, and remedial alternatives. Groundwater is presented based on identified groundwater plumes 

(regardless of redevelopment block) and includes the nature and extent of contamination, risk evaluation 

results, RAOs, GRAs, and remedial alternatives. 

All data are assigned to a redevelopment block (for soil or shoreline sediment) or plume (for 
I' 

groundwater) and are evaluated in this FS Report. The August 2012 boundary change between Parcels E 

and E-2 involved moving a small area (0.98-acre in size) from Parcel E-2 to Parcel E. As shown on 

Figure 1-2, the small, 0.98-acre area is not located within an existing IR site boundary; however, previous 

soil and ground\Yater investigations, performed to determine the nature and extent of contamination at 

adjacent IR sites,· identified chemicals at concentrations posing a potential risk to humans. The soil and 

groundwater data collected from the small, 0.98-acre area are described in Section 2.3. The small, 0.98-

acre area included parts of the Shipyard South Multi-Use District and the adjoining roadway, which as 

described previo1,1sly could be used for residential purposes. The Navy determined that it was more 

efficient to evaluate the potential remedial alternatives for this area (incorporating future residential use) 

within the FS Report for Parcel E because (1) the portion of the Shipyard South Multi-Use District 

located within Parcel E-2 is relatively small, with the planned reuse for Parcel E-2 consisting almost 
: . 

entirely of open space (part of the Shipyard Shoreline Open Space District), and (2) the change could be 

• 

incorporated relatively easily into the existing evaluation of redevelopment blocks MU-1 and MU-3 • 

(Figure 1-2). 

Land areas withoµt data are also addressed in the remedial alternatives. IR-40 consists of two reinforced 

concrete structur\;!S, Pier 2 and Building 527 (former electrical substation), that directly overlie San 

Francisco Bay; because IR-40 does not contain any soil or groundwater, it is not evaluated in this report. 

However, Pier 2 and Building 527 are considered radiologically impacted and are addressed in the 

Radiological Add,endum to the FS Report (ERRG and RSRS, 2011 ). IR sites for the former utility network 

at HPS will be addressed as a component of the specific redevelopment block they affect. Table 2-2 lists the 

buildings at Parc~l E by redevelopment block. 

I· 

2.1.3. Previou_s Investigations and Removal Actions 

This section summarizes investigations, evaluations, and removal actions conducted at or planned for 

Parcel E. The Navy first began investigating environmental conditions at HPS in 1984. Since that time, 

more than 20 inv~stigations, evaluations, and removal actions have been conducted in Parcel E, including: 

■ 

■ 

Initial investigations that identified sites where releases of hazardous substances may have 
occurredl'.using personnel interviews, records searches, and the evaluation of aerial photographs 

I 
I 

Investig~tions that characterized the nature and extent of CERCLA-regulated chemicals using 
biased sampling methods 
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• Removal actions conducted to mitigate unacceptable risks to human health and the environment 
until a final remedy is selected for Parcel E 

• 
• 

Treatability studiesto evaluate the effectiveness ofremediation technologies at specific IR sites 

Radiological investigations conducted in parallel with the main RI process 

These activities support the development of the CSM, as well as the effectiveness and implementability of 

process options to clean up the parcel. Tables 2-3 and 2-4 provide the overall history of investigations 

and removal actions, including a summary of activities and recommendations and the reports in which the 

results were documented. The following sections briefly summarize the previous. investigations and 

removal actions at Parcel E, based on information presented in Appendix A of the Revised RI Report 

(Barajas and Associates, 2008b). 

2.1.3.1. Initial Investigations of Potential Source Areas 

. The investigations conducted to identify sites where releases of hazardous substances may have occurred 

involved various approaches, including conducting personnel interviews and records searches and 

reviewing aerial photographs. Through these investigations, the Navy evaluated all Parcel E activities 

that could have caused or contributed to releases of hazardous substances into the· environment and 

identified areas that required more detailed characterization. The investigations are listed below in 

chronological order . 

• 1984: Initial Assessment Survey 

• 1986: Triple A Investigation 

• 1987: Confirmation Study 

• 1987: Area Study 

·• 1988: Fence-to-Fence Survey 

• 1988 to 1989: Solid Waste Area Quality Assessment Test 

• 1988: Remedial Investigation
1
Phase 1 Reconnaissance 

• 1989 to 1990: Preliminary Assessment 

• 1993 to 1994: Site Inspection 

• 1993 to 1994: Site Assessment 

The 25 IR sites at Parcel E were identified through these initial investigations as areas requiring more 

detailed characterization (Table 2-1 ) . 
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Section 2 Site Characterization 

2.1.3.2. Focused CERCLA Investigations 

The initial inve~tigations described in Section 2 .1. 3 .1 identified Parcel E areas requmng further · 

characterization. •·. These areas were further investigated under the CERCLA framework to determine if 

releases of hazardous substances had occurred and, if so, to characterize the nature and extent of 

chemicals in soil, shoreline sediment, and groundwater. The investigations typically consisted of 

collecting environmental samples for laboratory analysis from identified potential source areas. 

Analytical data collected from 1988 to 1996 was summarized in the original Parcel E RI Report (TtEMI, 

LFR, and U&A, 1997). Since the original 1997 RI Report was completed, the following additional field 

investigations and monitoring programs were conducted to fill data gaps at Parcel E: 

■ 1999 to ~000: Parcel E Validation Study and Protective Soil Concentrations Technical 
Memorandum 

■ 2000 to 2002: Groundwater Data Gaps Investigation 

• 2001 to 2002: Wetland Delineation and Wetland Functions Assessment 

• 2002: Standard Data Gaps Investigation 

• 2004 to present: Basewide Groundwater Monitoring Program 

Analytical data from these investigations are presented in the Revised RI Report (Barajas and Associates, 

2008b ). This FS' Report considers all data collected within the current boundaries of Parcel E, including 

original RI data and data obtained from additional investigations, ongoing monitoring, and removal 

actions conducted through June 2008, when this FS Report was initiated. Overall, the focused 

investigations provided sufficient data to characterize the nature and extent of chemicals in soil, shoreline 

sediment, and groundwater at Parcel E; evaluate risk to humans and wildlife; and support the remedy 

evaluation in this FS Report. 

2.1.3.3. Removal Actions 

Numerous remo';al actions and cleanup activities have been performed at Parcel E. Removal and cleanup 

actions have addressed the following media: 

■ 

■ 

■ 

■ 

■ 

Soil 

Sediment in storm drain lines 

Undergrc:mnd storage tanks (USTs) and aboveground storage tanks (ASTs) 
11 

Storm drain and sewer lines 

Industrial process equipment and other waste types (including construction debris and asbestos
containing materials) 
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Section 2 Site Characterization 

Table 2-4 summarizes the removal actions and cleanup activities conducted at Parcel E. As discussed in 

· Section 1.1, removal and cleanup actions associated with petroleum USTs and ASTs are being evaluated 

in the TPH corrective action program and are not summarized herein. 

The following removal and cleanup actions have been performed to date: 

■ 1988: Basewide removal of polychlorinated biphenyl (PCB)-containing electrical transformers 

• · 1988: Removal of soil at IR-08 PCB spill area 

• 1991: Removal of floating product at IR-03 

• 1991 to 1994: Removal of 8 USTs, closure of 2 US Ts in place, and removal of 12 ASTs 

• 1991 to 1995: Removal and fixation of sandblast waste 

• 1996 to 1998: Installation of a 900-foot long sheet-pile wall and low-permeability cap at the 
former oil reclamation ponds in IR-03 

• 1996 to 1997: Removal of sediment from the storm drain system 

•. 1996: Removal of soil from the exploratory excavation at IR-11/14/15 

• 2001: Time-critical removal of soil containing non-volatile organic compounds at IR-08 

• 2002 to 2004: Decontamination of industrial process equipment and removal of various wastes 
and ASTs from Building 521 

• 2003 to 2004: Removal of various debris from the Parcel E shoreline 

■ 2003 to 2004: Removal of five soil stockpiles fromIR-02 Southeast and IR-73 

■ 2004: Removal ofTPH-contaminated soil from IR-05, IR-36 West, IR-39, and IR-73 

■ 2005 to 2007: Removal of radioactive soil and debris at IR-02 Northwest and Central Area 
(see Figure 2-1) 

■ 2005 to 2007: Removal action of radioactive soil and debris at IR-02 Southeast Metal Debris 
Reef (see Figure 2-1) 

• 2005 to 2007: Removal of PCB- and TPH-contaminated soil, as well as radioactive soil and 
debris, at PCB Hotspot Area (located primarily on Parcel E-2 but extending into Parcel E, IR-02 
Northwest, see Figure 2-1) 

2.1.3.4. Treatability Studies 

The Navy has conducted two treatability studies at Parcel E to evaluate the effectiveness of remedial 

technologies at various IR sites. The objectives, approach, and conclusions of the treatability studies are 

discussed in the following sections . 
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2.1.3.4.1. 2001 and 2002 Soil Vapor Extraction Treatability Study 

In 2000 and 2001°, a soil vapor extraction (SVE) treatability study was performed inside and immediately 

northwest of Building 406 (Redevelopment Blocks MU-1 and MU-2). The SVE system, which consisted 

of 3 SVE wells and 15 vapor monitoring wells, operated for 3 months beginning in May 2001 

(IT Corporation, "2002). Trichloroethene (TCE) was found to be the predominant volatile organic 

compound (VOC) in vadose zone soil. The cumulative VOC mass removed during the test performance 

period was estimated at 7 pounds, with over 90 percent of the VOC mass attributed to TCE 

(IT Corporation, 2002). This estimate was substantially higher than the initial amount of TCE assumed to 

be present in soil within the study area, indicating the potential presence of more extensive TCE 

contamination in' the vadose zone. No soil samples were collected after operation of the SVE system; 

however, based on comparison of the estimated mass of TCE removed with original estimates of TCE in 

soil, additional in,vestigation was recommended to further characterize the extent of VOCs in the vadose 

zone beyond the treatability study area (IT Corporation, 2002). Based on the results of the study, SVE 

appeared to be an effective remedial technology to remove VOCs from vadose zone soil. 

2.1.3.4.2. 2009 and 2010 Zero Valent Iron Groundwater Treatability Study 

In 2009 and 2010, the Navy performed a groundwater treatability study (GWTS) to evaluate the 

effectiveness of zero-valent iron (ZVI) injection in treating groundwater contamination at Parcel E. The 

GWTS was impl~mented in two phases: (1) a plume characterization phase, during which groundwater • 

and soil vapor ~amples were colles.ted to better delineate the groundwater plumes identified in the 

Revised RI Report (Phase I), and (2) treatment of select plumes using ZVI (Phase II) (Shaw, 2011). 

Phase I of the :study was conducted between April and November 2009 and consisted of initial 

characterization 'of the following plumes identified in the Revised RI Report: IR~04, IR-12 

tetrachloroethene (PCE) plume, IR-12 benzene plume, Building 406 TCE plume (at IR-36 South), and 

IR-56 TCE plu~e (Shaw, 2011). Phase I included collection and analysis of (1) baseline groundwater 

samples from existing monitoring wells, (2) groundwater samples from direct-push borings and new wells 

installed for the <GWTS, (3) soil vapor samples from soil vapor points installed for the GWTS, and (4) soil 

samples collected from direct-push borings. Based upon the Phase I characterization, ZVI injections were 

not recommended for the IR-04 TCE plume, IR-56 TCE plume, and the IR-12 benzene plume because 

c:oncentrations of CO~s did not significantly exceed their respective project-specific goals. In addition, 

the IR-12 benzene plume was not a candidate for ZVI injection because the plume is composed mainly of 

fuel-related hydrocarbons that would not be effectively treated by ZVI. Also, soil vapor data identified 

elevated concentrations of VOCS at several locations under Building 406 (Shaw, 2011). ZVI injections 

were recommended for two plumes (IR-12 PCE plume and Building 406 TCE plume) based on the 

Phase. I characterization results. 
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For the two plumes, areas where VOCs were detected at concentrations greater than 10 times their 

respective project-specific goals were targeted for ZVI. injections. At the Building 406 TCE plume 

(between January and March 2010), a total of 104,461 pounds of microscale ZVI was injected through 

91 injection points and 400 gallons of nanoscale ZVI (approximately 5,440 pounds of ZVI) was injected 

' through 4 injection points. At the IR-12 PCE plume, approximately 20,205 pounds of microscale ZVI 

were injected through 17 injection points in December 2009. Groundwater and soil vapor samples were 

collected at 2 weeks, 6 weeks, and 12 weeks after ZVI injections were completed at both plumes. The 

post-injection monitoring data indicated that, at several injection areas, ZVI was capable of reducing 

VOC concentrations to meet the project-specific goals; however, the study concluded that additional 

monitoring was needed at the plume areas to better assess post-injection groundwater conditions 

(Shaw, 2011). The Navy continues to collect groundwater data at the IR-12 PCE plume and Building 406 

TCE Plume under the Basewide Groundwater Monitoring Program (BGMP). In addition, the Navy has 

initiated a follow-on study to collect additional soil and soil vapor data in high-concentration VOC areas 

at the Building 406 TCE Plume; the study is planned for implementation in 2012. 

2.1.3.5. Radiological Program 

Radioactive materials are present at HPS from past shipyard and NRDL operations and decontamination 

of ships that participated in atomic weapons testing (NA VSEA, 2004). These radioactive materials are 

defined as CERCLA hazardous substances and therefore must be addressed under the IR Program. To do 

so, the Navy established a basewide :radiological program for HPS under the authority of the "Final 

Action Memorandum .for Time-Critical Removal Action of Radiological Materials in Soils, Debris, or 

Structures at Hunters Point Shipyard, San Francisco, Califomi~" (Navy, 2006a). The goal of the action 

memorandum is to eliminate substantially identified pathways of exposure to radioactive contamination 

for surrounding populations and nearby ecosystems. This goal will be accomplished through site 

investigations and removal actions. "Mixed-waste" sites where chemicals and radioactive materials are 

both present will be addressed as part of the radiological actions to the extent practical, thereby 

simplifying the remedy evaluation and selection and accelerating the cleanup and transfer of HPS. 

Remedial action may be required at mixed-waste sites, where it is not practical to eliminate pathways of 

exposure to radioactive contamination during removal actions. This FS Report evaluates potential 

· remedies for mixed-waste sites to limit or eliminate potential exposures to COCs and COECs in soil, 

shoreline sediment, and groundwater. Potential remedies for mixed-waste sites will be refined .as 

appropriate in a radiological addendum to this FS Report to ensure their protectiveness of humans and 

wildlife from exposure to radioactive contamination. ·' In addition, potential remedies for areas affected by 

only radioactive materials will be evaluated in the radiological addendum to this · FS Report. The 

radiological addendum and ROD for Parcel E will select remedies that address radiological and mixed 

waste issues . 
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2.2. HUNTERS POINT SHIPYARD ENVIRONMENTAL SETTING 

This section provides information related to HPS's environmental setting, including land use, historical 

areas, climate, topography and surface water drainage, ecology, soils, geology, hydrogeology, and current 

and potential benc;:ficial uses for groundwater. 

2.2.1. HPS and Surrounding Land Use 

The main portioq. of HPS is situated on a long headland located in the southeastern part of San Francisco, 

extending eastward into San Francisco Bay (see Figure 1-1). HPS is bounded on the north, south, and 

east by the bay and on the west by the Bayview/Hunters Point district of San Francisco. HPS consists of 

866 acres: 420 acres on land and 446 acres under water in the bay. 

Parcel E includes about 139 acres of relatively flat shoreline and lowland coast along the southwestern 

portion of HPS (~ee Figure 1-2). Parcel Eis bounded to the north by non-Navy property, to the east by 

Parcels D-1, G, and UC-1, to the south by intertidal shoreline areas along San Francisco Bay, and to the 

west by Parcel E-2 and non-Navy-property. Parcel E contains 44 buildings, and the adjoining offshore 

area contains 14 i;hip berths and 2 piers. 

I • " 

Historically, most of Parcel E was used as industrial support area, consisting of supply and public works 

• 

facilities for HPS. Shoreline areas at Parcel E were used to store construction and industrial materials, as • 

well as to dispose of industrial waste and construction debris. The NRDL used several Parcel E buildings 

during the 1950.s and 1960s. to conduct practical and applied research on radiation decontamination 

methods and on: the effects of radiation on living organisms and natural and synthetic materials. The 

NRDL ceased operations in 1969 (NAVSEA, 2004). Many operations conducted by the. Navy at Parcel E 

are well documented, including the locations where routine · and planned activities and waste disposal 

occurred. Undocumented activities also may have been conducted, such as storage of materials and 

equipment, short-term industrial activities, and waste disposal (TtEMI, LFR, and U&A, 1997). The 

Revised RI Report evaluated all available environmental data and made conservative conclus.ions 

regarding the nature and extent of contamination, particularly in areas where possible contamination may 

have resulted from undocumented activities (Barajas & Associates, 2008b). 

2.2.2. Parcel E Historic Areas 

No structures within Parcel E have been identified as qualifying for placement on the Natiop_a_l Register of 

Historic Places (TtEMI, 1998a and 1998b). Enclosure 2 of the Memorandum of Agreement among the 

Navy, 'tlie Advisory Council on Historic Preservation (ACHP), and the State Historic Preservation Office 

(SHPO) identified archaeologically sensitive zones at HPS (Navy, ACHP, and SHPO, 2000). Based on 

this archaeologkal inventory, a historic shellmound site may be present along Crisp Avenue in the 

northwest portion of Parcel E (north of IR-75, a formerly used defense site).· Future CERCLA actions in 
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this area must comply with the substantive provisions of§ 106 of the National Historic Preservation Act 

and its implementing regulations at Title 36 CFR Part 800. 

2.2.3. Climate 

The climate at HPS is characterized by partly cloudy, cool summers with little precipitation and mostly 

clear, mild winters with moderate precipitation. Most of the annual precipitation falls between November 

and April. Summer temperatures are influenced by low fog in the mornings and a steady flow of marine 

air from the Pacific Ocean in the afternoons. The wari:nest temperatures in the area occur near the coast in 

late summer and fall (U.S. Soil Conservation Service [SCS] 1991). 

Wind speed and direction data were collected from a meteorological tower located on Parcel E (in the 

vicinity of IR-12) between October 2002 and September 2008. Prevailing winds are from the west, west

northwest, and west-southwest. As a result, airborne dust would likely be transported primarily east 

toward San Francisco Bay. The average windrspeed is approximately 8 miles per hour, although gusts 

may exceed 25 miles per hour (TtEMI, LFR, and U&A, 1997). 

2.2.4. Topography and Surface Water Drainage 

Land at HPS consists of relatively level lowlands constructed by excavating portions of surrounding hills 

and placing nonengineered fill materials along the margin of San Francisco Bay. The remaining land is a 

moderate to steep sloping, northwest-trending ridge. Parcel E is located in the lowlands with surface 

elevations ranging from O to 12 feet above mean sea level (msl); predominant ground surface elevations 

range from 7 to 10 feet above msl. 

The only surface water features within Parcel E are the wetlands areas along the shoreline, as shown on 

Figure 3-3 of the Revised RI Report (Barajas & Associates, 2008b). Surface water at HPS drains to the San 

Francisco Bay primarily as sheet flow from either the highlands of the former Parcel A to the surrounding 

lowlands or from the lowlands themselves. In Parcel E, runoff is primarily collected by the storm drain 

system and is discharged to the bay through three stormwater discharge outfalls, with Outfall 33 receiving 

most of the stormwater drainage (MARRS Services, Inc. and MACTEC Engineering and Consulting, 2008). 

The stormwater discharge outfalls are located at the southeast comer of the parcel and may also receive 

incoming water from the bay from tidal .,fluctuations (Barajas & Associates, 2008b ). Surface runoff not 

collected by the storm drain system, particularly where the storni drain system is absent along the shoreline, 

drains toward the bay. The existing storm drain system remains in place and is functioning; however, the 

Navy is in the process of removing the existing sanitary sewer and storm drain lines across HPS under a 

basewide removal action to address potential radioactive contamination (Navy, 2006a) . 
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Surface water rpnoff at Outfall 33 is monitored in accordance with the Stormwater Discharge 

Management Plan (MARRS Services, Inc. and MACTEC Engineering and Consulting, 2008). The 

location of Outfall 33 is identified on Figure 2-2. 

2.2.5. Ecology 

This section describes the terrestrial and aquatic ecological habitat (including flora and fauna) identified 
' 

at Parcel E. Section 3.7 of the Revised RI Report provides a detailed description of the habitat and 

wildlife present at Parcel E (Barajas & Associates, Inc., 2008b). 

About 30 percent of Parcel E is ruderal habitat characterized by scattered shrubs and grasses, and about 

65 percent is covered by pavement with some sparse vegetation. Ruderal and landscaped habitats at HPS 

typically support resident and migratory birds common to urban areas of northern California. The 

following special-status bird species were observed at HPS during previous surveys: peregrine falcon 

(Falco peregrinus), a state fully protected species;. double-crested cormorant, a state species of special 

concern; and loggerhead shrike (Lanius ludovicianus ), a state species. of special concern (Harding Lawson 

Associates [HLA], 1991 ). The Navy conducted a site-specific assessment of the potential occurrence of 

species protected under the Endangered Species Act at Parcels E and E-2 (Tetra Tech FW, Inc. 2004). 

The primary conclusion· of the assessment, which was performed to support the removal actions at the 

Metal Debris Reef, IR-02 Northwest and Central Area, and the PCB Hotspot Area, was that no suitable 
' . 

habitat exists at Parcels E or E-2 for any of the rail species (Tetra Tech FW, Inc. 2004). No special-status 

plants, mammals, reptiles, amphibians, or invertebrates are expected to be present within the terrestrial 

habitat at Parcel E (Barajas & Associates, Inc., 2008b ). 

The remaining 5 percent of Parcel E consists of beach areas, intertidal areas, and wetland areas. The 

dominant plants in the wetlands are saltgrass (Distichlis spicata) and pickleweed (Salicornia virginica). 

Other organisms that live in the shoreline area of Parcel E include birds and invertebrates. Birds using the 

shoreline area include the willet (Tringa semipalmata), killdeer (Charadrius vociferous), great blue heron 

(Ardea herodias), and double-crested cormorant (Phalacrocorax auritus), which is a state species of 

special concern. 

Aquatic invertebrates hide under rocks and feed on other small invertebrates or plant materials, such as 

crustacean crabs.and isopods. Mussels (usually Mytilus edulis) have been observed at low tide attached to 

the rocks. Barnacles also attach to rocks and the shells of mussels, and can be seen at low tide. Harbor 

seals (Phoca vitulina) have been observed on an offshore concrete platform southeast of the Metal Debris 

Reef Area, and s~a lions (Zalophus californianus) have been observed in the bay near Parcel E (Barajas & 

Associates, Inc., 2008b). 

--,~-:: 
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2.2.6. Parcel E Geology 

This section provides an overview of Parcel E geology. For a more detailed description of the Parcel E 

geology, refer to the Revised RI Report for Parcel E (Barajas & Associates, Inc., 2008b). Five geologic 

units underlie HPS: four unconsolidated sedimentary deposits of Quaternary age and the Jurassic

Cretaceous-age Franciscan Complex bedrock. In general, the stratigraphic sequence of these geologic 

units, from youngest (shallowest) to oldest (deepest), is as follows: 

■ 

■ 

■ 

■ 

■ 

Artificial Fill (Qaf) 

Undifferentiated Upper Sands (Quus) 

Bay Mud (Qbm) 

Undifferentiated Sediments (Qu) 

Bedrock (Kf) 

Each of these geologic units is briefly discussed below. 

2.2.6.1. Artificial Fill (Qaf) 

Artificial fill material covers unconsolidated Holocene-age sediments (Quus, Qbm, and Qu). The 

Holocene-age sediments were deposited on an uneven eroded bedrock surface across HPS. The 

overburden (Artificial Fill and Unconsolidated Sediments) above the bedrock at Parcel E ranges from less 

than 5 feet thick at the northwestern border of Parcel E (in gas monitoring probes installed along Crisp 

Avenue) to about 280 feet thick at the south-central portion of Parcel E, along the bay shoreline. 

Geologic cross sections for Parcel E are presented on Figures 3-4, 3-5, and 3-6 in the Revised RI Report 

for Parcel E (Barajas & Associates, Inc., 2008b ). 

Artificial Fill at Parcel E is heterogeneous and ranges from silty and sandy clays with gravel to poorly 

graded sands, boulders, and debris deposits. Based on the large volume of bedrock quarried from the 

Hunters Point peninsula and the volume of Artificial Fill that is present, it appears that most of the coarse 

fill material is locally derived from the Franciscan Complex bedrock of which the main constituents are 

serpentinite, greenstone, shale, greywacke, and chert (TtEMI, LFR, and U&A 1997; TtEMI, 2004). 

Chemical analysis of bedrock at HPS (Innovative Technical Solutions, Inc. [ITSI] and others, 2004), 

revealed elevated concentrations of arsenic, iron, and manganese in chert and elevated concentrations of 

nickel in serpentinite. These metals appear to be ubiquitous at HPS and occur at elevated concentrations 

in the bedrock-derived fill material. In this report, the term "ubiquitous" refers to metals that are naturally 

occurring or are detected in fill materials in the same concentration ranges as naturally occurring rrietals. 

The Navy acknowledges that industrial sources of metals exist at HPS and there is a potential that some 

concentrations of metals could be anthropogenic. However, as a result of filling operations at HPS that 
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involved redistribution of crushed bedrock, the fill materials would include redistributed, crushed bedrock 

. with minerals that contain relatively high concentrations of arsenic, manganese, nickel, and other metals. 

In addition to bedrock-derived fill, three other types of fill are present at Parcel E: (1) industrial and 

construction debris fill, (2) sediments dredged from San Francisco Bay to deepen shipping (?hannels 

during construction of the shipyard, and (3) recently imported backfill materials. Industrial fill includes 

metal debris, processed wood fragments, bricks, concrete, sandblast waste, household refuse, and other 

materials. These:: materials are usually incorporated in a clay or sand matrix. The dredged sediment and 

the imported badkfill materials are poorly graded, very fine- to fine-grained sand mixed with fine- to 

coarse-grained angular gravel and occasionally with well-graded, fine- to coarse-grained sand with gravel 

(TtEMI, LFR, an? U&A 1997; TtEMI, 2004). 

2.2.6.2. Und~fferentiated Upper Sands (Quus) 

The Undifferentiated Upper Sands, below Artificial Fill, are Holocene-age terrestrial alluvial deposits and 

estuarine marine sands that usually overlie, but in places are interbedded with, the Bay Mud. 

2.2.6.3. Bay Mud (Qbm) 

The Bay Mud c'onsists of Holocene-age estuarine sediments that in Parcel E are almost exclusively 

composed of silt,: and clay. The Bay Mud mostly underlies Artificial Fill, but in places it underlies or is 

interbedded withljUndifferentiated Upper Sands. The Bay Mud deposits have an irregular contact with the 

overlying units. i The irregular contact may be attributed to both natural causes (such as former stream 

channels) and manmade causes (such as dredging or placement of heavier bedrock-derived fill and debris 

on softer Bay Mµd and sand deposits). Bay Mud is present over most of Parcel E, but is absent at the 

bedrock highs in the central and southeastern portions of the parcel and at the northwestern border of 

Parcel E ( along Crisp A venue) where the depth to bedrock is less than 5 feet below ground surface [bgs]. 

2.2.6.4. Undifferentiated Sediments (Qu) 

Undifferentiated :Sediments are typically interbedded clay, silt, and sand. The Undifferentiated Sediments 

underlie ArtificiAl Fill, Undifferentiated Upper Sands, and Bay Mud and overlie bedrock in areas where 
11 \ 

contacts have n6t been disturbed by human activities. Undifferentiated Sediments are about 230 feet 

thick in the south-central portion of Parcel E and become thinner to the north and east. Undifferentiated 

sediments are absent at the bedrock highs in the central and southeastern portions of the parcel and at the 

northwestern botder of Parcel E ( along Crisp A venue) where the depth to bedrock is less than 5 feet bgs. 

2.2.6.5. 

Bedrock at HPS (and in Parcel E) is part of the Franciscan Complex, which comprises a diverse group of 

rocks assembled, by the process of subduction (Wakabayashi, 1992). Rock types of the complex include 

basalt (greenstotje ), serpentinite, chert, sandstone, siltstone, and shale. The depth to bedrock is shallowest 
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(less than 5 feet bgs) at the northwestern border of Parcel E ( along Crisp A venu~ ). The bedrock surface is 

deepest (about 280 feet bgs) in the south-central portion of the parcel. Two bedrock highs are located in 

Parcel E: one in the center of the parcel near Buildings 406, 413, and 414, and one in the southeastern 

comer of the parcel at Building 521. Bedrock surface elevation contours at Parcel E are shown on 

Figure 3-8 in the Revised RI Report for Parcel E (Barajas & Associates, Inc., 2008b ). 

2.2. 7. Parcel E Hydrogeology 

This section presents a brief overview of the Parcel E hydrogeology by hydrostratigraphy, aquifer 

parameters, groundwater flow, and tidal influence. A more detailed description of the Parcel E 

hydrogeology is presented in the Revised RI Report for Parcel E (Barajas & Associates, Inc., 2008b ). 

2.2.7.1. Parcel E Hydrostratigraphy 

The hydrostratigraphic units at HPS include (1) the A-aquifer, (2) the B-aquifer, and (3) the bedrock 

water-bearing zone. An aquitard composed of the Bay Mud separates the A-aquifer from the B-aquifer 

across most of Parcel E. Cross sections for Parcel E are presented on Figures 3-4, 3-5, and 3-6 in the 

Revised RI Report for Parcel E (Barajas & Associates, Inc., 2008b ). 

The A-aquifer at Parcel E primarily consists of heterogeneous Artificial Fill (Qaf), although it may 

include (1) Undifferentiated Upper Sands; (2) sandy units within the Bay Mud, when these units are 

hydraulically connected to the A-aquifer; and (3) the upper weathered bedrock zone, when the A-aquifer 

directly overlies bedrock (such as in the southeastern comer of Parcel Eat Building 521). The A-aquifer 

covers almost all of Parcel E and ranges from a few feet thick to over 50 feet thick. The lateral continuity 

of the A-aquifer is disrupted by numerous low-perm~ability zones because of the heterogeneous nature of 

the Artificial Fill. The A-aquifer is unconfined throughout most of Parcel E, but semiconfined conditions 

may exist in many places where fine-grained sediments below the water table overlie more permeable 

materials. Depth to groundwater ranges from 4 to 15 feet bgs, with an average depth to groundwater 

across Parcel E of about 8 feet bgs. 

Bay Mud acts as an aquitard that typically separates the A-aquifer from the underlying B-aquifer. Bay 

Mud deposits range from 5 to 76 feet thick under most of Parcel E; the aquitard is thickest in the southern 

portion of the parcel, along the shoreline. The Bay Mud aquitard is absent in the northern portion of 

Parcel E, along Crisp A venue, and in the areas of the bedrock highs. 

The B-aquifer in Parcel E consists of Undifferentiated Sediments, in a sequence ofrelatively thick ( about 

30 to 40 feet), laterally continuous layers of sand and silty and clayey sand, which are separated by 

laterally continuous layers of silt and clay. The lower portions of the B-aquifer are overlain by layers of 

silts and clay; therefore, it · is less likely to be affected by contamination from site activities. The 

uppermost B-aquifer generally corresponds to the upper 20- to 40-foot-thick layer of sand and silty sand 
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of Undifferentiat(!d Sedimentary deposits. The B-aquifer is generally confi~ed by the Bay Mud aquitard, 

which separates it from the A-aquifer across most of Parcel E. The aquitard is absent along the northern 

border of Parcel E. In these locations, the A: and B-aquifers are in hydraulic communication and behave 

as a single aquifer. 

Deeper portions of saturated fractured bedrock that are not in direct contract with the A- or B-aquifers are 

hydrostratigraphically classified as the bedrock water-bearing zone. The fractured, unweathered bedrock 

is not considered an aquifer because of its limited flow capability and low storage capacity. 

Groundwater mo_nitoring has been limited to the uppermost B-aquifer, and no monitoring has been 

required in the lower portions of the B-aquifer or the bedrock WBZ. The A-aquifer and uppermost 

B-aquifer present at HPS are potentially affected by contamination from Par.eel E. 

2.2.7.2. Hydraulic Characteristics 

The calculated hydraulic conductivities of the A-aquifer at Parcel E range from 2.7 feet per day (ft/day) to 

1,520 ft/day (Barajas & Associates, Inc., 2008b; TtEMI, 2004b). The 1,520 ft/day value is likely not 

representative of aquifer characteristics because (1) the value was calculated solely from recovery data 

collected from a pumping well; (2) documentation on this pumping test does not indicate the duration of 

the test; and (3~ no observation wells were included or drawdown in the observation wells was 

insufficient to calculate hydraulic conductivity, suggesting that the cone of depression for this test may 

have been limited. If this value is considered an outlier, the actual range for hydraulic conductivities in 

the A-aquifer at Parcel E would be 2.7 to 510 ft/day (Barajas & Associates, Inc., 2008b). Based on 

average hydraulic conductivities and gradients measured in the A-aquifer, the estimated average 

groundwater velocity in the A-aquifer is 408 feet per year (ft/yr). 

The calculated hydraulic conductivities in the B-aquifer ranged from 0.18 to 3.1 ft/day. Based on the 

average hydraulic conductivity and gradients measured in the B-aquifer, the estimated . average 

groundwater velocity for the B-aquifer is approximately 2 ft/yr. Only two slug tests were performed for 

the bedrock-water bearing zone, and calculated hydraulic conductivities were 0.34 and 0.12 ft/day. The 
1! 

slug tests assumed a porous medium such as sand, rather than the fractured porosity of the bedrock. 

Therefore, these .calculated values are, at best, approximations of the flow velocity (Barajas & Associates, 

Inc., 2008b ). 

2.2.7.3. Groundwater Flow 

This section di~cusses the pattern of groundwater flow at Parcel E, including the vertical flow of 

groundwater anq recharge and discharge of groundwater in each aquifer and water-bearing zone. During 

previous investigations, water levels were measured during wet and dry seasons during periods of low 

tidal fluctuation 
1

to minimize the effect of tides on groundwater elevations. Water levels continue to be 
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monitored on a quarterly basis using similar procedures. The ongoing water level data should be 

reevaluated, prior to preparing the remedial design, to verify groundwater flow directions. 

A-aquifer groundwater flow patterns at Parcel E are complex. The predominant flow directions have 

historically been influenced by two major features: (1) a groundwater depression along the boundary 

between Parcels E and G, and (2) a groundwater divide in the central shoreline area. The natural flow of 

groundwater toward San Francisco Bay from the topographically high area of the former Parcel A has 

typically been disrupted by these two features. The groundwater depression is most likely the residual 

effect of groundwater infiltrating damaged sanitary sewer lines during pumping at a nearby lift station. 

The sanitary sewer lift station, located at the former Parcel A, ceased operation in May 2007. The lateral 

extent of the groundwater depression had decreased from approximately 73 acres in May 2007 to 5 acres 

in March 2008 (CE2-Kleinfelder Joint Venture, 2008b). In March 2009, the groundwater depression was 

nearly nonexistent at 0.1 acres, indicating that natural hydrogeological conditions were being 

reestablished (CE2-Kleinfelder Joint Venture, 2009b). The influence of the groundwater divide along the 

central shoreline area remains unchanged. Figure 2-2 presents the groundwater elevations for A-aquifer 

wells in Parcel E for March 2009, which show the reduced size of the groundwater depression along the 

boundary between Parcels E and G. 

Two groundwater mounds are associated with groundwater flow within the A-aquifer: one mound (about 

2,000 feet long) is parallel to the shoreline in the central portion of Parcel E and extends into Parcel E-2; 

and one is a small mound in the southeastern portion of Parcel E that coincides with the bedrock high at 

Building 521. Groundwater on the inland side of the first mound flows to the south-southeast toward bay 

at an average gradient of less than 0.001 feet per foot {ft/ft). Groundwater on the bayward side flows 

toward San Francisco Bay at an average gradient of 0.011 ft/ft. Groundwater has historically flowed 

radially away from the second mound at an average gradient of 0.018 ft/ft (Barajas & Associates, Inc., 

2008b ); however, recent groundwater elevations have indicated limited influence on groundwater flow 

(likely the result of lower than normal rainfall in recent years). Groundwater levels in the A-aquifer are 

generally higher during the wet season (winter and spring) than during the dry season (summer and fall), 

indicating that precipitation is a primary recharge source for groundwater in the A-aquifer. 

The groundwater flow direction in the uppermost B-aquifer appears to be to the southeast at a. gradient of 

0.002 ft/ft (Barajas & Associates, Inc., 2008b ). Figure 2-3 presents groundwater elevations for B-aquifer 

wells in Parcel E for the March 2008 measurement event. Similar to the A-aquifer, groundwater 

elevations in the uppermost B-aquifer are generally higher in the wet season than in the dry season;· 

Groundwater elevations in the B-aquifer wells are generally higher than in the A-aquifer wells indicating 

an upward vertical hydraulic gradient. Based on data in the Revised RI Report (Barajas & Associates, 

Inc:, 2008b), the differences in groundwater elevations are more pronounced in the northeastern portion· 

of the parcel near the Parcel G boundary and less pronounced near the shoreline. Additionally, elevation 
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differences are more pronounced during the wet season than the dry season. The B-aquifer appears to 

exhibit an upward vertical gradient; however, the Bay Mud aquitard separates the B-aquifer from the 

A-aquifer across ~ost of Parcel E, suggesting little hydraulic communication between the two aquifers in 

areas where the aquitard is present (Barajas & Associates, Inc., 2008b). 

The groundwater elevation has only been measured in one bedrock water-bearing zone well 

(February 2002). Given the limited data, the direction of groundwater flow in the bedrock water-bearing 

zone is unknown\ but it is assumed to follow the regional flow patter from the upland areas toward San 

Francisco Bay (Barajas & Associates, Inc., 2008b). 

The primary sources of recharge to the A-aquifer in Parcel E are (1) infiltration of precipitation and 

ponded runoff in unpaved areas, (2) leakage from utility supply lines, (3) intrusion of bay water, 

(4) horizontal flow (lateral influx or baseflow) of groundwater from areas upgradient of Parcel E, and 
' 

(5) vertical flow !,of water in some areas from the underlying B-aquifer. Discharge from the A-aquifer 
~ .. ~, --~. ... ... ,, ... ,:: 

occurs through la~eral flow to San Francisco Bay (outflux). 

The primary source of recharge to the B-aquifer in Parcel E is considered to be (1) infiltration of 

precipitation and ponded runoff in outcrop areas in the northern portion of Parcels E and E-2 and 

(2) horizontal groundwater flow (baseflow) from upgradient areas to the north and west of Parcel E. The 

upper B-aquifer J?ay discharge to San Francisco Bay in some areas (TtEMI, 2004b ),. although the deeper 

B-aquifer may ha.ve connate water (i.e., water trapped in sediment or rock at the time of deposition), with 
' 

discharge to the surface or to the bay limited or prevented by overlying confining layers. 

Recharge to the bedrock water-bearing zone is similarly derived from infiltration of precipitation at 

outcrop areas to the north and northwest of Parcels E and E-2. Groundwater in the bedrock water-bearing 

zone likely disch~rges into the B-aquifer (recharging the B-aquifer) at upgradient contacts. 

2.2.7.4. Tid~l Effects 

Tidal effects at HPS have been studied and generally categorized into either tidai influence or tidal 

mixing. Tidal influence refers to the hydraulic response of near-shore groundwater by daily tidal action. 

Tidal influence is measured at near-shore groundwater wells and quantified as tidal fluctuations 

( difference in n~ar-shore groundwater level between consecutive high and low tides), mean tidal 
I 

efficiency (the r~tio of tidally induced changes in groundwater levels to the tidal changes in the surface 
I 

water), and mean time lag (time difference between the tidal changes in the surface water body and 

corresponding cnanges in groundwater levels). Tidal mixing refers to the influx and mixing of San 

Francisco Bay's saline surface water into near-shore groundwater by daily tidal action; this results in 

degradation of groundwater with a significant increase of total dissolved solids (TDS) to above 
I 

10,000 milligrams per liter (mg/L). Figure 3-14 in the Revised RI Report for Parcel E shows the location 

of the tidal infludnce and tidal mixing zone study wells in Parcel E (Barajas & Associates, Inc., 2008b) . 

N:\Projects\2005 Projectsl25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\Fina1ParcelE_FS.docx 

ERRG-6011-0000-0006 2-18 

_: __ _ 
ERRG 

• 

• 

• 



• 

• 

• 

Section 2 Site Characterization 

Results of a tidal influence study conducted in 2002 indicated . the A-aquifer tidal influence zone in 

Parcel E extends about 100 to 400 feet inland from San Francisco Bay. During the study, the maximum 

fluctuation of bay water levels (between high and low tides) was about 9 feet (TtEMI, 2004b). Tidal 

effects on A-aquifer groundwater are generally stronger closer to the bay; however, exceptions exist that 

likely reflect the heterogeneity of the A-aquifer materials. 

In May and June 2002, a tidal mixing study was conducted for the A-aquifer because physical mixing of 

groundwater and bay water only occurs in the A-aquifer along the shoreline. During the study, specific 

conductance fluctuations related to tidal fluctuations in water levels were observed along the shoreline in 

nearshore well IR02MW206Al, located 70 feet from San Francisco Bay in.the area east ofIR-03, but not in 

inland well IR15MW06A, located 335 feet from the bay at IR-15 .. These data indicate that the tidal mixing 

zone in Parcel E extends at least 70 feet inland from the shoreline (Barajas & Associates, Inc., 2008b ). 

2.2.8. Groundwater Beneficial Use Evaluation 

This section summarizes the evaluation of beneficial use of groundwater in the A-aquifer and B-aquifer at 

Parcel E. The Revised RI Report evaluated the municipal and domestic drinking water beneficial uses of 

Parcel E groundwater, focusing on the A-aquifer with resp.ect to federal criteria and the B-aquifer with 

respect to federal and state criteria. Appendix F of the Revised RI Report provides a detailed discussion 

of the beneficial use evaluation of groundwater at Parcel E (Barajas & Associates, Inc., 2008b). The 

Revised RI Report did not evaluate the A-aquifer with respect to state criteria because the Water Board 

staff concurred with the Navy's determination (Navy, 2003) that the A-aquifer at HPS is not suitable or 

potentially suitable as a municipal or domestic water supply and meets exemption criteria in State Water 

Resources Control Board (SWRCB) Resolution 88-63 and Water Board Resolution 89-39 (Water Board. 

2003b; SWRCB 1988). 

Section 3.6 of the Revised RI Report includes a table that summarizes the beneficial use evaluation with 

respect to nine site-specific facfors (SSFs) (Barajas & Associates, Inc., 2008b); these SSFs were provided 

to the Navy by EPA in an attachment to a 1998 letter (referred to as Enclosure 5) (EPA, 1999a). Based 

on the federal groundwater classification criteria and the evaluation of SSFs, the A-aquifer is not a viable 

source of drinking water and federal maximum contaminant levels (MCLs) are not ARARs for the 

CERCLA action. Furthermore, based on the SSF evaluation, the B~aquifer has potential beneficial use as 

drinking water across most of the parcel and MCLs are ARARs; however, CCSF regulatory controls 

prohibit domestic use of groundwater at Parcel E without CCSF approval, and the CCSF has no current 

plans to install wells for drinking water. 

Agricultural beneficial use· of the A- and B-aquifer groundwater is limited to areas with TDS at 

concentrations less than 1,500 mg/L for irrigation and less than 10,000 mg/L for livestock. Both the A

and B-aquifers have potential industrial beneficial use. According to the Basin Plan (Water Board, 2007), 

site-by-site determinations of the freshwater replenishment beneficial use will be made. Freshwater 
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replenishment has been determined to be a beneficial use of the groundwater at Parcel E; Appendix A of 

this FS Report evaluates the potential for chemicals in groundwater to pose a risk to aquatic life in San 

Francisco Bay. 

2.3. PARCEL E NATURE AND EXTENT OF'CONTAMINATION 

2.3.1. Parcel E RI Summary 
,I . 

The Revised RI Report evaluated the nature and extent of chemicals in soil, groundwater, and shoreline 

sediment at Parct:\l E (Barajas & Associates, Inc., 2008b ). The fate and transport of chemicals at Parcel E 

were evaluated ! by identifying (1) probable migration pathways and (2) physical and chemical 
I 

characteristics th~t influence mobility in a specific medium. Section 4.0 and Appendix G in the Revised 
I 

RI Report provide a complete description of the nature and extent evaluation at Parcel E (Barajas & 

Associates, Inc., 2008b ). 

Chemical concentrations for soil, groundwater, and shoreline sediment were compared with screening 

criteria for proteqtion of human health and the environment. Table 4-1 in the Revised RI Report presents 

the screening criteria for each medium and analytical group evaluated at Parcel E (Barajas & Associates, 

Inc., 2008b). Results of the nature and extent evaluation are briefly summarized below by medium. The 

soil and groundwater data collected from the small, 0.98-acre area, which was moved from Parcel E-2 to 

Parcel E, were not evaluated in the Revised RI Report. These data, which were derived from 11 sampling 

locations (Figure 2-4), were ,compared with the same criteria used in the Revised RI Report. The results 

of this evaluation are briefly summarized in the following paragraphs. 

· Soil. The RI nature and extent evaluation identified metals, semivolatile organic compounds (SVOCs), 
I • 

PCBs, and TPH ;as the predominant chemicals in soil that exceeded screening criteria. The nature and 

extent of these chemicals in soil are summarized in Table 2-5. Table 2-5 also provides references to the 
' . 

sections of the R~vised RI Report that contain detailed descriptions of the nature and extent of chemicals 
ii 

within each redevelopment block, as well as figures depicting sampling locations and analytical results. 
i' 

Because the rede,velopment blocks have changed since the Revised RI Report and the nature and extent 

evaluation was based on the former redevelopment blocks, Table 2-5 refers to both the former (referred to 

as "1997 Redevelopment Block") and current (referred to as "2010 Redevelopment Block") blocks. 

Figures depicting sampling locations exceeding risk-based criteria, consistent with the amended 

redevelopment plan (SFRA, 2010c), are provided as Figures 4-2 through 4-9 of this report. Table 2-6 

provides a statistical summary of the soil data located within the small, 0.98-acre area that was moved 

from Parcel E-2 to Parcel E. Table 2-7 identifies the soil concentrations in this area that exceeded 

residential screep.ing criteria. Each chemical identified in Table 2-7 was identified elsewhere in 

redevelopment block MU-3, and the range of reported concentrations in the small, 0.98-acre area were 

generally compat:able to the concentrations reported elsewhere in redevelopment block MU-3. 
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Soil Gas. Between October 1988 .and February 1989, .a Solid Waste Air Quality Assessment Test 

(SWAQAT) was conducted at several IR sites, including IR-02, IR-03, IR-12, and IR-14 at Parcel E 

(HLA, 1989a ). The SW AQAT included an evaluation of meteorological conditions, outdoor air quality, 

landfill gas compositions, surface gas emissions, and subsurface gas migration. The evaluation of gases 

covered a wide range of organic compounds, including VOCs and methane. Surface gas emissions were not 

detected during this investigation. Subsurface methane gas was detected in isolated pockets at IR-03 and in 

the southern portion of IR-12 (near the former disposal trenches); however, no available information 

suggested that subsurface methane was migrating from these locations. The only migration of subsurface 

methane observed during the SWAQAT was in Parcel E-2 (at the northern edge of the Parcel E-2 Landfill). 

Depending on the type of remedial alternatives considered for IR-03 and IR-12 (such as alternatives 

involving containment), further evaluation of subsurface methane may be warranted during the remedial 

design. In addition, the Navy is implementing a focused soil gas survey to guide future vapor mitigation or 

remediation for VOCs. The soil gas survey is discussed further in Sections 2.3.3.2 and 3.1.1.1. 

Groundwater. The nature and extent evaluation identified groundwater plumes with concentrations of 

metals, VOCs, PCBs, and TPH that exceeded screening criteria. The groundwater plumes are listed 

below and presented on Figures 2-4, 2-5, and 2-6. 

• Metals (Figure 2-4): IR-02 Northwest (copper, lead, nickel, and zinc); IR-02 Central (nickel); 
IR-02 Southeast (copper and zinc); IR-05 (copper and zinc); and IR-12 (nickel) . 

• VOCs (Figure 2-5): IR-02 Northwest (benzene); IR-03 (benzene); IR-12 (benzene); IR-12 
. (dichloroethane [DCA], PCE, and TCE), IR-39 (benzene); Building 406 (TCE); IR-04 (TCE); 

and IR-56 (TCE). 

• PCBs and TPH (Figure 2-6): IR-02 Northwest (Aroclor-1254); and IR-03 (TPH) 

Table 2-8 provides a statistical summary of the A-aquifer groundwater data located within the small, 

0.98-acre area that was moved from Parcel E-2 to Parcel E. As shown in Table 2-8, VOCs were the only 

chemical group reported in this area at concentrations exceeding vapor intrusion criteria (which are the 

most appropriate screening criteria for A-aquifer groundwater under a residential exposure scenario). 

Table 2-9 identifies the VOC concentrations at wells in and around the existing VOC plumes, and the four 

A-aquifer wells within the small, 0.98-acre area. As shown in Table 2-9, there are no persistent VOC 

detections at the four A-aquifer wells within the st11all, 0.98-acre area, and there is no indication that the 

existing VOC plumes extend into this area. 

Shoreline sediment. Results of the nature and extent evaluation indicated that concentrations of copper, 

lead, mercury, zinc, PCBs, and DDT exceeded screening criteria in most locations along the Parcel E 

shoreline and could be a source of contamination to sediments in the adjacent offshore area (Parcel F) . 
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Nonaqueous-phi:tse liquids (NAPL). The nature and extent evaluation identified extensive NAPL at IR-03, 

the former oil re~lamation ponds located within Redevelopment Block EOS-3 (formerly Redevelopment 

Block EOS-2 in the Revised RI Report and Draft FS Report). Characterization work performed in 1996, 

prior to the IR-03 removal action involving construction of a sheet-pile wall and low-permeability cap (see 

Section 2.1.3 and.' Table 2-4), reported free-phase petroleum as deep as 25 feet bgs (IT Corporation, 1997a). 

From January tlirough April 1991, NAPL was measured on seven separate occasions in four wells 

(IR03MW218Alf IR03MWO-1, IR03MWO-2, and IR03MWO-3) at IR-03. Product thickness ranged from 

a minimum of0.07 feet in well IR03MW218Al to a maximum of 6.93 feet in well IR03MWO-2 (Barajas & 

Associates, Inc., 2008b ). In 1991, approximately 25 gallons of floating product and 70 gallons of waste oil 

were recovered from the four wells (Barajas & Associates, Inc., 2008b). 

In 2002, the extent of NAPL was further evaluated at IR-03 during the Phase III groundwater data gaps 

investigation (Birajas & Associates, Inc., 2008b ). NAPL was found in nine IR~03 wells IR-03, at 

thicknesses ranging from less than 0.01 feet (in well IR03MWO-1) to 10.85 feet.(in well IR03MW370A). 

The NAPL was described as highly viscous and consisted of a 2:1 ratio of diesel- to motor oil-range TPH 

(Barajas & Associates, Inc., 2008b). Under the current BGMP, NAPL measurements are taken annually 

(generally during the 3rd or 4th quarter) at a select group of wells where NAPL has been present 

historically. Dur~ng the most recent monitoring and sampling event for which NAPL measurements were 

taken (September 2009), NAPL measurements in the IR-03 area ·ranged from 0.16 feet (in well 

IR03MW226A) to 4.62 feet (in well IR03WMO-3) (CE2-Kleinfelder Joint Venture, 2010b). A 

conceptual cross section depicting the location and occurrence ofNAPL at IR-03 is presented as Figure 2-8. 

During 2004, the Navy conducted a focused investigation and cleanup action along the Parcel E shoreline, 

and no discharge of NAPL was observed. In addition, riprap along the IR-03 shoreline is covered in 

concrete, which prevents direct contact with NAPL and contaminated soil. The available information is 

adequate to document the general nature of NAPL at IR-03 (such as the range of thicknesses and 

viscosities) and provide a preliminary indication of the extent ofNAPL. The Navy performed additional 

characterization of NAPL at IR-03 in September and October 2011 in accordance with a work plan that 

was approved by the regulatory agencies (ITSI, 2011 ). The Navy is preparing a report, concurrent with 

the final version of this FS Report, summarizing the results of the additional characterization and the 

bench-scale treatability study that was performed under the same project. The Navy expects that the 

additional characterization will refine the nature and extent ofNAPL at IR-03; however, once the findings 

. of the study are reviewed, the Navy will consult with the regulatory agencies to determine whether 

additional charaqterization is required prior to the remedial design (RD). 

In addition to IR-03, light NAPL has been identified at four other wells in Parcel E (IR12MW21A, 

IR14MW13A, PA36MW08A, and IR39MW21A), each of which contain only TPH and thus are being 

addressed by the TPH corrective action program. 
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2.3.2. Remov_al Action Summary 

The Revised RI Report evaluated data collected through December 2004. Since that time, removal 

actions have been performed in IR-02 Northwest and Central Excavation Area, the Metal Debris Reef 

Area in IR-02 Southeast, and the PCB Hotspot Area (located primarily in Parcel E-2 but extending 

slightly into IR-02 Northwest). The sections below briefly discuss each removal action, which are shown 

on Figure 2-1. Additional detail is provided in the respective removal action completion reports 

(TtECI, 2007a, 2007b, and 2007c). 

2.3.2.1. IR-02 Northwest and Central Excavation Area 

A TCRA was implemented between May 2005 and April 2007 in IR-02 Northwest and Central 

(TtECI, 2007c). The puq,ose of the TCRA was to remove debris and other materials with radioactivity 

above the radiological remedial objectives (RROs) within a predetermined excavation boundary based on 

previous radiological investigations. The RROs used in the TCRA were consistent with the basewide 

radiological remediation goals established and used at other parcels at RPS (Navy, 2006a). The 

excavation was performed in a series of 6-inch or -12-inch lifts, to a maximum depth of approximately 

11 feet bgs. Approximately 49,500 cubic yards of soil was excavated and screened ex situ to identify 

radioactive material. Out of this total volume, the following material was identified, segregated, and 

disposed of off site as low-level radiological waste: 

• 2,342 point sources and pieces of radioactively contaminated debris 

• 11,840 tons of soil 

• 1 ;940 tons of metal debris 

• 420 tons of fire brick 

• 18 tons of concrete and plastic 

• 20 tons of hoses 

• 20 tons of rocks 

In addition to this radiologically impacted debris, 48 drums and 33 small containers were recovered from 

_ the removal area and were characterized prior to off-site disposal. The drums, which were discovered in 

varying degrees of decay, contained diesel-contaminated soil, grease, plastic, metal pieces, and wood. 

Waste characterization data indicated that the drums contained various chemicals, including PCBs. Three 

of ·the drums contained mixed waste with radiological contamination. The small containers contained 

various solids and liquids with organic and inorganic chemical concentrations that required off-site 

disposal. Also, approximately 1,100 cubic yards of soil that was not radiologically impacted but was 

visibly stained (indicative of potential organic contamination) was segregated, characterized, and 

disposed of off site (TtECI, 2007 c ) . 
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Finally, 134 pieces of material potentially presenting an explosive hazard (MPPEH) were discovered in 

the removal area: MPPEH is defined as any component of ordnance or explosive munitions that may 

have come into ,.contact with energetic material (i.e., high explosives or propellant) and could have 

energetic residue':remaining. This interim designation applies to items for which the presence or absence 

of energetic residue cannot be immediately verified by visual inspection. Following verification and 

documentation q1at MPPEH does not present an explosive hazard, as performed by two competent 

unexploded ordnance (UXO) technicians, such items are referred to as material documented as safe 

(MDAS). MPP~H scrap encountered during the project included expended cartridge casings and empty 

projectiles of various calibers, as well as protective caps for 5-inch projectiles. All MPPEH was inspected 

by UXO technicians for possible explosive hazards. Most of the MPPEH iteins identified during the 
1' 

removal action ~ere verified to not pose an explosive hazard and were reclassified as MDAS. The 

remaining MPP~H items appeared to have been subject to previous demilitarization actions and could not 

be completely inspected by UXO technicians for possible explosive hazards. The type, age, and condition 
I 

of the recovered MPPEH do not indicate that residual munitions-related chemicals would be present in 

soil or groundwater at Parcel E. Although the type, age, and condition of the MPPEH items did not 
I 

suggest a high pptential for residual energetic material, the Navy, as a precautionary measure, properly 

handled, transported, and disposed of these items as either material documented as an explosive hazard or 

munitions and eiplosives of concern (TtECI, 2010). 

MPPEH were al'so radiologically screened, and all but three MPPEH items were verified to have no 

radiological contamination. The three MPPEH items that could not be verified to be free of radioactive ,. 

contamination were disposed of off site with the other low-level radiological waste (TtECI, 2007c). 

Post-excavation radiological soil samples were collected and analyzed for radium-226, cesium-137 and 

strontium-90 (the radionuclides of conce~ identified in the HRA [NA VSEA, 2004]). Analytical results 

indicated the following: 

■ Cesium-137 and strontium-90 results in post-excavation bottom and sidewall samples were all 
less than,, their respective RROs. 

■ 

■ 

■ 

Radium-226 results in 155 of 160 systematic grid samples were below the RRO. 

Radium~p6 results in 59 of 63 random grid samples were below the RRO., -

Radium~226 results in all 29 sidewall samples were below the RRO. 

The RAOs for radiological materials were achieved within the predetermined boundaries of IR-02. Any 

radiological mat~rials potentially remaining beneath the excavation area are n·ow under a cap of clean 

imported soil, tpereby eliminating some of the pathways of exposure to hazardous substances for 

surrounding pophlations and ecosystems at the limit of the excavation (TtECI, 2007c). 
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Concurrent with the radiological soil analyses, post-excavation soil samples were also collected and 

analyzed for metals, SVOCs, organochlorine pesticides, PCBs, and TPH. Because the focus of the TCRA 

was to remove radiological material, these chemical results did not prompt additional excavation activities 

and were intended only to supplement the soil characterization in IR-02 Northwest and Central. The 

reported concentrations of metals, SVOCs, organochlorine pesticides, PCBs, and TPH in these samples 

warrant further analysis in this FS Report. Post-excavation chemical sampling results are evaluated in 

conjunction with the development of the soil alternatives (Section 4). Sample locations with chemical 

concentrations exceeding the risk-based criteria, consistent with the amended redevelopment plan, are 

identified on Figure 4-2. These data are used to identify areas requiring further remedial action, which 

are discussed in Sections 4.2.3.1 and 4.2.4.1. 

The top 3 feet of the excavation was backfilled with clean imported soil that met chemical acceptance 

criteria presented in the TCRA Work Plan (TtECI, 2005). In addition, clean imported soil was placed at 

the bottom of the excavation to bridge standing water. The remaining excavation volume was backfilled 

with approximately 33,900 cubic yards of excavated soil that, following radiological screening, was 

released for use as backfill (TtECI, 2007c). The excavated soil used as backfill is not radiologically 

impacted, but does contain concentrations of select chemicals that exceed industrial screening criteria 

used in the Revised RI Report and may contribute to known groundwater contamination in IR-02 

Northwest. The chemical results of the excavated soil used as backfill are summarized in the table below . 

Analytical Group 

Metals 

Volatile Organic Compounds 

Semivolatile Organic Compounds 
-·-····· 

Pesticides 

Polychlorinated Biphenyls 

Notes: 

I Chemical 

Arsenic c 
I 

95 UCL 
(mg/kg) a 

12.9 

Copperd 
.. -··----:---

I 8,100 ! 
·-·· -·---

Lead e ! 5,200 

Nickel d 490 

Zinc d 7,100 

Benzene e 0.79 

Benzo(a)pyrene c 0.77 
·-··•-·-·-·-

Heptachlor c i 0.83 

Aroclor-1248 e I 11 ! 
--·--··· .l-, .. ----·-- . 

Aroclor-1254 e I 4.3 I 

_,,., 

' ! 

! 

' 

' 

Industrial Screening 
Criteria (mg/kg) b 

11.1 

76,000 
--------· 

800 

21,000 

610,000 

0.39 

0.18 
----

0.55 

1.0 
--------

1.0 

a Calculated based on 77 soil stockpile samples analyzed for metals, PCBs, pesticides, VOCs, SVOCs, and TPH; chemical results are 
presented in Appendix E of the Removal Action Completion Report (TtECI, 2007c) 

--·· 

b Industrial screening criteria (adjusted to reflect ambient levels) are presented in Table 4-1 of the Revised RI Report (Barajas & Associates, 
Inc. 2008b) 

c Chemical exceeds industrial screening criteria (from Revised RI Report), but does not correspond to known groundwater contamination in 
IR-02 Northwest. 

d Chemical does not exceed industrial screening criteria (from Revised RI Report), but may contribute to known groundwater contamination 
in IR-02 Northwest. 

e Chemical exceeds industrial screening criteria (from Revised RI Report) and may contribute to known groundwater contamination in IR-02 
Northwest. 

· 95 UCL 95th percent upper confidence limit of mean concentration . 
mg/kg milligrams per kilogram 
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Section 2 Site Characterization 

Future recreational users and wildlife at IR-02 Northwest and Central will not be directly exposed to these 
I , . 

chemical concentrations because the excavated soil used as backfill was placed deeper than 3 feet bgs. 

Consistent with the human health and ecological risk assessments in the Revised RI Report (Barajas & 

Associates, Inc., 2008b ), future recreational users may be exposed to soil from O to 2 feet bgs and 

terrestrial wildlife may be exposed to soil from O to 3 feet bgs. The chemical concentrations in the 

excavated soil used as backfill are generally comparable with post-excavation chemical sampling results; 

both sets of chemical results are evaluated in conjunction with development of the soil alternatives 

(Section 4). 

2.3.2.2. Met~l Debris Reef in IR-02 Southeast 

The TCRA at the Metal Debris Reef was performed in conjunction with the removal of the Metal Slag 

Area located in the southeast portion of Parcel E-2. The purpose of the TCRA was to remove metal 

debris and slag containing low-level radiological material, as well as nonradiological chemical 

contamination in~idental to the area. · Site characterization was performed to delineate the vertical and 

lateral extents of
1
the metal debris and slag prior to excavation. The excavation was performed in a series 

of 12-inch lifts, to maximum depth of 4 feet bgs. After the initial excavation was completed, trenches 
II 

were extended i,:eyond the excavation perimeter to confirm the extent of metal debris and slag. No 

additional metal debris or slag was found at the edges of the excavation and, as a result, the initial 

excavation boundaries did not require expansion (TtECI, 2007b ). 

Approximately l;l ,200 cubic yards of soil, metal slag, and debris was removed from the Metal Debris 
I 

Reef and dispose
1

d of off site (TtECI, 2007b ). Out of this total volume, approximately 1,626 cubic yards 

of soil arid shor~line sediment was segregated as radiologically impacted. Also, 131 radiological point 
I . . . 

sources (includidg devic~s, buttons, and pieces of radioactively contaminated debris) and approximately 

31 cubic yards of metal debris were identified within the removal area (Navy, 2006b and 2006c; TtECI, 

2007b ). In addition to this radiologically impacted debris, six small containers were recovered from the 

removal area that contained liquids with inorganic chemical concentrations requiring off-site disposal. 
I • 

Also, 62 MPPEH; items were discovered in the removal area, consisting primarily of expended cartridge 

casings of variou:s calibers and protective caps for 5-inch projectiles. All MPPEH was inspected by UXO 

technicians for dossible explosive hazards. Most of the MPPEH items identified during the removal 

action were verified to not pose an explosive hazard and were reclassified as MDAS. The remaining 

MPPEH items appeared to have been subject to previous demilitarization actions and could not be 

completely inspected by UXO technicians for possible explosive hazards. The type, age, and condition of 
' . 

the recoyer~d MPPEH. do not indicate that residual munitions-related chemicals would be present in soil 
' ,.o.•-~·· ~~-"' •. ·; ..• , .. •,,".'.. • .. - --· - ' . 

or groundwater at Parcel E. Although the type, age, and condition of the MPPEH items did not suggest a 
1, 

high potential fo'.r residual energetic material, the Navy, as a precautionary measure, properly handled, 
1, 

transported, and! disposed of these items as either material documented as an explosive hazard or 
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Section 2 Site Characterization 

munitions and explosives of concern (TtECI, 2010). MPPEH were also radiologically screened, and all 

MPPEH items were verified to have no radiological contamination (TtECI; 2007b ). 

The entire Metal Debris Reef excavation was backfilled with clean imported fill material that was tested 

prior to use (TtECI, 2007b). Post-excavation soil samples were collected and analyzed for cesium-137, 

radium-226, and strontium-90 (the radionuclides of concern identified in the HRA [NA VSEA, 2004]). 

Analytical results for 191 of the 193 post-excavation soil samples met the specified RROs. The two 

samples with results that failed to meet the specified RR Os were collected at the bottom of the excavation 

and were surrounded by other samples with results that met the specified RROs, thereby confirming that 

no widespread radiological contamination is present at the Metal Debris Reef. In addition, remaining 

radiological materials are covered with clean soil, thereby preventing direct exposure to surrounding 

populations and wildlife (TtECI, 2007b ). 

Concurrent with the radiological soil analyses, post-excavation soil samples were also collected and 

analyzed for metals, organochlorine pesticides, and PCBs. Because the focus of the TCRA was to 

remove radiological material, these chemical results did not prompt additional excavation activities and 

were intended only to supplement the soil characterization in the Metal Debris Reef. The reported 

concentrations of several metals and PCBs in these samples warrant further analysis in this FS Report. 

Post-excavation chemical sampling results are evaluated in conjunction with the development of the soil 

alternatives (Section 4). Sample locations with chemical concentrations exceeding the risk-based criteria, 

consistent with the amended redevelopment plan, are identified on Figure 4-5. These data are used to 

identify areas requiring further remedial action, which are discussed in Sections 4.2.3.1 and 4.2.4.1. 

Wetlands mitigation activities (which are associated with the removal action) are currently being planned 

for Parcel E-2 and are anticipated to occur in conjunction with the Parcel E-2 remedial action. 

2.3.2.3. PCB Hotspot Area 

The TCRA at the PCB Hotspot Area, which is located primarily in Parcel E-2 with a small portion in 

Parcel E, was designed to remove PCB- and petroleum hydrocarbon-contaminated soil and debris, 

possibly containing low-level radiological material. Excavation involved (1) removal of soil containing 

PCBs at concentrations greater than the depth-based removal action goals (1 mg/kg from the surface to 

3 feet bgs and 100 mg/kg deeper than 3 feet bgs); (2)_ TPH at concentrations greater than 3,500 mg/kg; or 

(3) radiological contaminants above the RROs. The removal 'action goals also included removal of free

phase petroleum hydrocarbons to the extent practicable. The excavation was performed in a series of 

12-inch lifts to a maximum depth of 21 feet bgs. During excavation activities, oil-stained soil and free

phase product were observed along the western and southwestern sidewall of the excavation boundary; 

however, further excavation in these areas was not possible because of their proximity to San Francisco 

Bay. Visual observation and field-screening test kits of exploratory potholes excavated between the 

excavation and the bay identified contamination (including oil staining and free-phase product) 
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(TtECI, 2007a). The Navy initiated a follow-on removal action to address contaminated soil and free

phase product between the 2007 excavation boundary and the bay (Navy, 201 O); the follow-on removal 

action was initiat~d in March 2010 and is projected to be completed in 2011. 

Approximately 44,500 cubic yards of soil and debris was removed and disposed of off site as part of this 

removal action. Out of this total volume, 533 cubic yards of soil and fire brick was segregated as 

radiologically irripacted. Also, 40 radiological devices, 78 cubic yards of metal debris, and 19 pieces of 

other radioactively contaminated debris were identified within the removal area (TtECI, 2007a). In 

addition to this radiologically impacted debris, 110 drums and 537 assorted waste containers were 

recovered from the central portion of the removal area (in Parcel E-2) and were characterized prior to off

site disposal. The drums, which were in varying degrees of decay, contained grease, oil, soil, asphalt, and 

tar substances. Waste characterization data indicated that the drums contained various chemicals, 

including PCBs. Two of the drums contained mixed waste with radiological contamination. The small 

containers contained various laboratory chemicals, ranging from strong acids and bases to solvents, 

alcohols, and inorganic salts (TtECI, 2007a). 
I 

In addition, 47 MPPEH items were discovered in the removal area. MPPEH scrap encountered during the 

project primarili included expended cartridge casings of various calibers and protective caps, but also 

included an empty 5-inch practice projectile and a 3-pound practice bomb filled with inert, nonexplosive 

material (TtECI, 2007a). All MPPEH was inspected by UXO technicians for possible explosive hazards . 

Most of the MPPEH items identified during. the removal action were verified to not pose an explosive 

hazard and were reclassified as MDAS. The remaining MPPEH items appeared to have been subject to 

previous demilitarization actions and could not be completely inspected by UXO,technicians for possible 

explosive hazardi5- The type, age, and condition of the recovered MPPEH do not indicate that residual 
,, 

munitions-related chemicals would be present in soil or groundwater at Parcel E. Although the type, age, 

and condition of, the MPPEH items did not suggest a high potential for residual energetic material, the 

Navy, as a precautionary measure, properly handled, transported, and disposed of these items as either 

material docum~nted as an explosive hazard or munitions and explosives of concern (TtECI, 2010). 

MPPEH were also radiologically screened, and all MPPEH items were verified to have no radiological 

contamination ('}:tECI, 2007a). 

I 

The entire PCB Hotspot Area excavation was backfilled with clean imported fill material that was tested 

prior to use (TtECI, 2007a). Post-excavation soil samples were collected and analyzed for PCBs and 

petroleum hydrocarbons. In addition to the PCB and petroleum hydrocarbons analyses, post-excavation 

sidewall sampl~s were also analyzed for metals, organochlorine pesticides, and, if petroleum 
I 

hydrocarbons w~re present, polycyclic aromatic hydrocarbons (PAHs). Additional analysis for VOCs, 
,I 

SVOCs, and org~nochlorine pesticides were performed for bottom samples collected in the vicinity of the 

buried drums. The reported concentrations of PCBs and petroleum hydrocarbons in samples collected in 

• 

• 

Parcel E ( along i the southeast sidewall) warrant further analysis in this FS Report. Post-excavation • 
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chemical sampling results are evaluated in conjunction wi.th the development of the soil alternatives 

(Section 4). Sample locations with chemical concentrations exceeding the risk-based criteri~,, consistent 

with the amended redevelopment plan, are identified on Figure 4-2. These data are used to identify areas 

· requiring further remedial action, which''a~e discussed in Sections 4.2.3.1 and 4.2.4.1. 

Additional post-excavation soil samples were collected and analyzed for cesium-137; radium-226, and 

strontium-90 (the radionuclides of concern identified in the HRA [NA VSEA, 2004]). Analytical results 

for all post-excavation soil samples met the specified RROs. 

2.3.3. Groundwater Plume Delineation Update 

The Revised RI Report used data collected through December 2004 to delineate A-aquifer groundwater 

plumes for metals, voes; PeBs, and TPH (see Figures 4-3 through 4-6 and Figure 6-2 in the Revised RI 

Report [Barajas & Associates, Inc., 2008b ]). Since that time, groundwater data have .been collected on a 

quarterly basis as part of the BGMP. The. BGMP. includes wells locat(:d within and in the vicinity of some 

of the RI plumes. Where available, these data were evaluated to determine if the plume delineations 

established in the Revised RI Report have significantly changed since 2004. In addition, as discussed in 

Section 2.1.3 .4.2, additional groundwater data were collected as part of a GWTS conducted at several of the 

voe plumes at Parcel E. The data used for this evaluation are summarized in Tables 2-9 through 2-12. 

Where appropriate, the plume delineations presented in the Revised RI Report were adjusted using updated 

data from the BGMP (from March 2005 to October 2009) and Phase I of the GWTS (April and November 

2009). The following sections summarize the results of this evaluation for each of the aforementioned 

analytical groups. A complete list of all groundwater plumes and their associated redevelopment block, 

identifying wells, and plume constituents is shown in Table 2-13. The Revised RI Report did not identify 

any B-aquifer plumes at Parcel E, and data. collected during the ongoing BGMP have confirmed that 

B-aquifer plumes are not present at Parcel E. 

2.3.3.1. Metals• 

During the RI, plumes were delineated for the following metals detected in A-aquifer groundwater above 

screening criteria: copper, lead, nickel, and zinc. In total, two plumes and three composite plumes (i.e., 

plumes comprising more than one chemical) were presented in the Revised RI Report. The evaluation of 

the updated BGMP data (from March 2005 to October 2009) at the metals plumes in Parcel E is 

summarized below and shown on Figure 2-5 . 
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■ 

■ 

■ 

■ 

IR-02 Northwest Metals Plume- Samples were collected recently from wells IR02MW373A 
and IR02MW126A during the BGMP. In January 2006, copper concentrations in well 
IR02MW126A increased to nearly 36 times the Hunters Point groundwater ambient level 
(HGAL) and then gradually decreased to below the HGAL by late 2007. Copper was not 
detected at concentrations exceeding laboratory reporting limits during the most recent three 
sampling events (May 2009 through October 2009). However, it is assumed that the composite 
plume (copper, lead, nickel, and zinc) has not changed since the RI plume delineation. 

IR-05 Metals Plume - No wells within or near this plume were sampled recently during the 
BGMP. Because no additional groundwater data exist, the composite (copper and zinc) RI plume 
delineation was not changed. 

IR-12 Nickel Plume- No wells within or near this plume were sampled recently during the 
BGMP .. Because no additional groundwater data exist, the RI plume delineation was not 
changed. 

IR-02 C~ntral Nickel Plume - Samples were collected recently from well IR02MWB-2 during 
the BGMP. In September 2008, nickel concentrations in well IR02MWB-2 increased to nearly 
twice the HGAL, and increased to nearly three times the HGAL in March 2009. However, 
because these concentrations are within the range of concentrations used in the RI plume 
delineation, the RI plume delineation was not changed. 

• IR-02 Southeast Metals Plume - Samples were collected recently from wells IR02MW300A, 
IR02MW175A, and IR02MW179A during the BGMP. Copper and zinc concentrations detected 

• 

in IR02MW300A remained consistent between 2004 and 2005, and were greater than the • 
correspo~ding RI screening criteria. This well was decommissioned in 2005 prior to the Metal 
Debris Reefremoval action and was replaced in 2007 with well IR02MW301A. Copper and zinc 
concentrations in well IR02MW301 A from May 2007 to March 2009 were less than the 
correspopding RI screening criteria. Concentrations in IR0lMWl 75A and IR02MW179A 
showed ?O expansion or migration of the composite plume delineation in the northeast and 
northwest directions, respectively. Therefore, it is assumed that the Metal Debris Reef removal 
action w~s successful in removing the contaminant source and the composite RI plume has been 
attenuat~:d below the RI screening criteria. Lead was detected at wells IR02~Wl 75A, 
IR02MV(l 79A, and IR02MW301A in July 2008 at concentrations ranging from 14.7 to 
18.4 micrograms per liter (µg/L). These lead concentrations are not attributed to site 
contamitjation because (1) they do not significantly exceed the HGAL (14.4 µg/L) and are 

. generally consistent with variations in naturally occurring concentrations identified at other HPS 
sites; (2)'the low lead concentrations were reported at wells located hydraulically upgradient and 
downgra~ient of the primary contaminant source (i.e., the Metal Debris Reef), which was 
previously removed; and (3) the lead concentrations in July 2008 represent a temporal anomaly 
because lead has not exceeded the HGAL at any of these wells (as well as former well 
IR02MW300A) during numerous sampling events performed since 1992 (see Appendix A). 

As summarized above, it is assumed that for the purposes of the FS evaluation, none of the composite RI 

plume delineations for metals have changed, except for the IR-02 Southeast Metals Plume, since the RI 

was performed. The metals plume delineations considered in the FS evaluation are shown on Figure 2~5 . 
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2.3.3.2. voes 

During the RI, plumes were delineated for the following VOCs detected in A-aquifer groundwater at 

concentrations above screening criteria: benzene, chloroform, 1, 1-DCE, PCE, a.nd TCE. In total, seven 

plumes and one composite plume (i.e., plumes comprising more than one chemical) were presented in the 

Revised RI Report. The effects of the BGMP and GWTS data evaluation on the VOC plume delineations 

in the Revised RI Report is summarized below and shown on Figure 2-6. 

• IR-02 Northwest Benzene Plume - Samples were collected recently from well IR02MW126A 
during the BGMP. Benzene concentrations in IR02MW126A were consistent between 2004 and 
2008. Therefore, it is assumed that the RI plume delineation has not changed. 

• IR-03 Benzene Plume - Samples were collected from well IR03MW342A during the BGMP 
through the second quarter of 2008. Benzene concentrations in IR03MW342A were consistent 

· between 2004 and the second quarter of 2008. Otherwise, no recent data since 2004 are available 
in and around this plume. Therefore, it is assumed that the RI plume delineation has not changed. 

• IR-12 Benzene Plume- Samples were collected in 2009 from wells IR12MW13A, 
IR12MW18A, and IR12MW19A and in 2005 from well IR12MW17A during the BGMP. In 
addition, samples were collected from 11 direct-push sampling locations to evaluate baseline 
conditions during the GWTS. Concentrations in the center of the plume (IR12MW17A) 
decreased to less than reporting limits in.2005; however, the reporting limits for benzene 
exceeded the PRG for this location. Based on 2009 data from the GWTS, the plume appears to 
have migrated to the north and south. Because of the lack of recent data in the center of the 
plume, the RI plume delineation was expanded in the north and south directions to reflect the 
baseline data collected during the GWTS. 

■ 

■ 

IR-39 Benzene Plume- Samples were collected recently from well IR39MW21A, in the 
northeastern portion of the plume, and from well IR39MW36A, located northeast of the plume, 
during the BGMP. Data from well IR39MW21A are within the range of historical concentrations 
used to delineate the plume, and data from IR39MW36A reveal that the plume has not expanded 
in the northeast direction. Otherwise, no recent data since 2004 are available in and around this 
plume. Therefore, it is assumed the RI plu_me delineation has not changed. 

Building 406 TCE Plume - Samples were collected recently from wells IR36MW125A, 
IR36MW126A, IR36MW127A, IR36MW128A, PA36MW04A, IR36MW122A, and 
IR36MW121A during the BGMP. In addition, samples were collected from 23 direct-push 
sampling locations and 13 newly-installed monitoring wells to evaluate baseline conditions 
during the GWTS (prior to injection of ZVI). TCE concentrations at all wells sampled after 2004 
generally remained consistent except at IR36MW125A, where TCE concentrations rose from· 
110 µg/L in late 2004 to between 500 µg/L and 7,600 µg/L in 2005 and 2006, and declined to 
1,300 µg/L in April 2009. The RI plume delineation was adjusted to reflect the southwestern 
expansion of the plume, as refined with data collected prior to the ZVI injection. The pre
injection data serve as a conservative basis for the plume delineation used in this FS Report. The 

_ post-injection groundwater data show that ZVI has reduced TCE concentrations, and additional 
post-injection data are being collected during the BGMP . 
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• IR-04 TCE Plume - Samples were collected recently from well IR04MW3 7 A during the BGMP. 
TCE concentrations in IR04MW37A were consistent between 2004 and 2009. In addition, 
samples ~ere collected from seven direct-push sampling locations to evaluate baseline conditions 
during the GWTS. The RI plume delineation was adjusted to the south, as refined with data 
collected: during the GWTS. 

i 

,■ IR-56 T€E Plume - Samples were collected recently from well IR74MW01A, located south of 
IR-74 bo~ndary within IR-56, during the BGMP. In addition, samples were collected from five 
direct-pJkh sampling locations to evaluate baseline conditions during the GWTS. Data from well 
IR74MW01A and the GWTS indicate that the RI plume delineation has not changed. 

• IR-12 P€E Plume- Samples were collected recently from wells IR04MW13A (located within 
Parcel E-2), IR12MW14A, and IR12MW19A during the BGMP. In addition, samples were 
collected' from 19 direct-push sampling locations and four newly-installed monitoring wells to 
evaluate baseline conditions during the GWTS (prior to injection of ZVI). The RI plume 
delineati<:m was adjusted to the north and west to reflect the additional data collected prior to the 
ZVI injection, including the upgradient extent within Parcel E-2. The pre-injection data serve as 
a conseI"Yiative basis for the plume delineation used in this FS Report. The post-injection 
groundw~ter data show that the ZVI has reduced PCE concentrations, and additional post-

,, 

injection!idata are being collected during the BGMP. 

Of the eight VO<;: plume delineations presented in the Revised RI Report, three (IR-12 Benzene Plume, 

IR-12 PCE Plume, and Building 406 TCE Plume) were adjusted for purposes of the FS evaluation based 

on data collected;since 2004. The adjusted plume delineations are shown on Figure 2-6; 

Risks from exposure to groundwater in the A-aquifer from vapor intrusion (for residential and industrial 

receptors) and from trenching (for the construction worker receptor) were evaluated in the Revised RI 

Report for eight yoc risk plume-based areas. As discussed in Section 5.1.1.2 of the Revis~d RI Report, 

the risk plumes ~ere delineated using a different methodology than that used to delineate the plumes as 

presented on Fig~re 2-5 (Barajas & Associates, Inc., 2008b ). The risk assessment results for the vapor 
1· ' . • 

intrusion pathway indicated that risk from exposure to VOCs in the A-aquifer exceeded the excess 

lifetime cancer risk threshold of lE-06 and noncancer Hlthreshold of 1.0 in several redevelopment blocks 

at Parcel E. The groundwater vapor intrusion risks are presented on Figure 5-8 of the Revised RI Report. 

Since the time the HHRA was conducted for Parcel E, more recent guidance documents for the 

assessment of health risks from vapor intrusion have become available (California Environmental 

Protection Agency, 2005; Navy, 2008; U.S. Department of Defense [DoD], 2009). The new guidance 

documents specify a preference for the use of soil gas data over groundwater data in evaluating the vapor 

intrusion pathway because soil gas data represent a direct measurement of the contaminant that will 

migrate to indoo~ air and reduces the uncertainty related to partitioning of the contaminant to the vapor ,, 

phase. The pref~rence for soil gas data over groundwater data is also reflected in EPA's vapor intrusion 

guidance, which was used as a basis to conduct the inhalation risk assessment at Parcel E (EPA, 2002) . 
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To comply with the new guidance and to identify exposure areas that indicate a risk associated with soil 

vapor intrusion, the Navy initiated a basewide soil gas investigation in 2010. The investigation includes 

collection and analysis of soil vapor samples from locations at Parcel E that have .identified soil or 

groundwater subsurface impacts. Soil vapor samples will be collected over 100-by-100 foot grids over 

Parcel E, with one soil vapor sample collected from every grid that has potential subsurface impacts. 

Data collected during the investigation will be compared with soil gas action levels currently being 

developed by the Navy (ChaduxTt, 2010). The action levels will be used to evaluate potential risk from 

vapor intrusion, as well as identify areas where institutional controls or additional action may be required . 

. The soil gas investigation is being performed in two phases, with the work in Parcel E slated for 

implementation during the second phase in 2014. 

It should be noted that the benzene plumes in IR-02 Northwest and IR-03 are located in open space 

redevelopment blocks. These plumes were conservatively delineated in the Revised RI Report based on 

screening criteria (based on the vapor intrusion pathway for future industrial users); however, the human 

health risk assessment (HHRA) in the Revised RI Report clarified that the vapor intrusion exposure 

scenario was incomplete for the planned open space reuse in these redevelopment blocks (Barajas & 

Associates, Inc., 2008b). Based on this conclusion, as well as the fact that VOC concentrations do not 

exceed aquatic evaluation criteria (see Appendix A), this FS Report does not further evaluate these VOC 

plumes beyond evaluating ARARs and institutional controls for groundwater. within the open space 

• redevelopment blocks in this FS Report. 

• 

It should also be noted that evaluation of the IR-39 Benzene Plume is deferred to the TPH corrective 

action program because the former USTs at Building 709 (former Navy exchange gas station) are the 

source of this contamination. 

2.3.3.3. PCBs 

During the RI, one plume in A..:aquifer groundwater was delineated for the PCB Aroclor-1254 (IR-02 

Northwest PCB Plume). No wells within or near this plume were sampled during the BGMP. It is 

assumed that the RI plume delineation has not changed. The Aroclor-1254 plume delineation considered 

in the FS evaluation is shown on Figure 2-7. PCBs have also been detected in groundwater within the 
. . . 

IR-03 TPH plume at concentrations warranting furthe.f:-~valuation in the FS. PCBs were detected in 

samples collected from well IR03MW218A2 bet~e~~ 2004 ~nd th~ second quarter of 2008; samples were 

not collected from this well following the second quarter 2008. Appendix A identifies the PCBs and 

other non-petroleum chemicals detected in IR-03 groundwater at concentrations that may pose a risk to 

aquatic wildlife in the bay . 
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2.3.3.4; TPH 

During the RI, one plume in A-aquifer groundwater was delineated for TPH (IR-03 TPH Plume). 

Samples were collected from well IR03MW218A2, located in the center of the plume, during the BGMP. 

TPH concentrations in IR03MW218A2 increased by nearly 50 percent between 2004 and 2008. 

Otherwise, no post-2004 data are available in and around this plume. Considering the lack of recent data 

along the plume's perimeter, it is assumed that the RI plume delineation has not changed. The TPH 

plume delineation considered in the FS evaluation is shown on Figure 2-7. It should be noted that the 

lack ofBGMP data from IR-03 is associated with the fact that many of the wells located within the IR-03 
I 

plume contain fr~e product and are not available for sampling. 

2.4. CONCEPTUAL SITE MODEL 

This section summarizes the CSM developed for Parcel E in the Revised RI Report (Barajas & 

Associates, Inc., 2008b ). The purpose of the CSM is to illustrate and describe a basic understanding of 

potential sources.: of contamination and media pathways and to identify possible receptors based on 

available site information. The CSM is not intended to provide details or quantification of these potential 

sources and pathways. However, it is intended to provide the framework for characterizing site 

contamination and assessing risks. More detailed information about the CSM is .presented in the Revised 

RI Report (Barajas & Associates, Inc., 2008b). Figure 3-18 in the Revised RI Report presents the CSM 

of the release mechanisms, affected media, and exposure pathways associated with Parcel E. The CSM 

developed for Parcel E includes the following: 

■ Generalized subsurface conditions 
1:1 

■ Potentiat:sources of contamination 

■ . Potentially affected media 

■ 

■ 

Migration and exposure pathways 

Receptor,s (humans and wildlife) 

I· 

2.4.1. Generalized. Subsurface Conditions 

The subsurface geology and hydrogeology at Parcel E are discussed in Sections 2.2.6 and 2.2.7, 

respectively. The aquifer system beneath Parcel E consists of A- and B-aquifers that are separated by the 

Bay Mud aquitard except for in the northernmost portion of Parcel E, where the aquitard is not present. 

The aquifer system at Parcel E is underlain by bedrock that slopes from former Parcel A toward San 

Francisco Bay. .Bedrock depth ranges from less than 5 feet at the northwestern border of Parcel E (in gas 

monitoring probfs installed along Crisp A venue) to about 280 feet at the south-central portion of 

Parcel E, along the bay shoreline. Two exceptions are the Building 406 area and Building 521 area, 

where bedrock can be as shallow as 9 feet bgs and 15 feet bgs, respectively. The slopes of elevated 

_____ ! 
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Section 2 Site Characterization 

bedrock areas are covered by the Bay Mud aquitard under which the B-aquifer is present. Shallow 

bedrock in direct contact with Artificial Fill is considered part of the A-aquifer. Because of the Bay Mud 

aquitard, no interconnection exists between the A- and B-aquifers. 

2.4.2. Potential Sources of Contamination 

Potential sources of contamination include those sites where chemicals could have been placed, spilled, or 

leaked. Parcel E was part of a mixed use and industrial area supporting HPS and NRDL. The primary 

sources of potential contamination are from industrial operations, including shipyard operations and 

tenant activities. Section 4.3 in the Revised RI Report (Barajas & Associates, Inc., 2008b) provides more 

detail on the potential sources of contamination for each redevelopment block. 

2.4.3. Potentially Affected Media 

Based on Parcel E physical characteristics and historical uses, potentially affected media include soil, 

shoreline sediment, groundwater, surface water, and air. 

2.4.4. Migration and Exposure Pathways 

The following potential chemical migration pathways were identified at Parcel E: 

• Leaching from soil to groundwater by infiltrating precipitation or as a result of fluctuating 
groundwater levels 

■ Discharge from groundwater to surface water through direct discharge or via leaking utility lines 
(including backfill material in utility line corridors that acts as a conduit to surface water) 

■ Volatilization from soil or groundwater to the atmosphere 

■ Transport of soil or shoreline sediment to surface wa.ter with overland flow of storm water 

The primary mechanism for chemicals to migrate from soil to groundwater at Parcel E is through leaching 

by infiltrating precipitation or from a rise in the water table during the \Vet•seilson: •·· The avern~e annual · 

depth to water throughout Parcel E is about 8 feet bgs; because: groundwate~ is shalli:r;,, more mobile 

chemicals may reach groundwater relatively quickly. As a re;ult ofin:cre~sed.pr~cipitati~n during the wet 

season (December through March), the water table may be approximately 2 feet higherin the winter than 

during the dry season (April through November). Increased leaching of chemicals may occur during the 

wet season if groundwater comes into contact with chemicals in soil. 

Migration of chemicals from soil and groundwater to surface waters may occur if groundwater discharges 

to San Francisco Bay or if a groundwater plume is in contact with storm drain or sanitary sewer lines that 

are below the water table. If groundwater leaks into these lines and these lines discharge to the bay, 

chemicals could be delivered directly to the bay. The Navy intends to remove storm drain and sanitary 

sewer lines throughout HPS by 2012, according to current plans under the FFA schedule. The line 
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excavations will be backfilled and compacted, eliminating this direct migration pathway. Once the storm 

sewer lines are re!lloved, storm water will be managed through engineered drainage swales. 

Migration of chemicals from soil to the atmosphere through volatilization is expected to be very limited at 

Parcel E, given the time that has elapsed since voes were last used in industrial processes at Parcel E. 

This conclusion is supported by the limited number of locations where voes were detected in soil at 

concentrations exceeding RI screening criteria (see Table 2-5). Migration of chemicals from groundwater 

to the atmosphere through volatilization may occur where voe groundwater plumes exist. 

Migration of chemicals from soil to surface water through transport of solids with overland flow is 

expected to be limited at most of Parcel E because of the following conditions: (1) most of the storm 

water runoff is currently controlled by a storm sewer system across Parcel E and in the future will be 

controlled by en$ineered drainage swales; and (2) flat surface topography throughout Parcel E inhibits 

transport of solia's with overland flow over significant distances. Redevelopment Blocks EOS-1, EOS-2, 

EOS-3, and EOS-4 have the highest potential for erosion because of steeper topography. 

2.4.5. Receptors 

I 

Potentially exposed receptors include: 

■ Adult ano child residents 

• On-site workers 

• On- and pff-site recreational populations and visitors 

• On- and off-site aquatic and terrestrial wildlife 

2.5.. RISK EVALUATIONS 

This section sunimarizes the potential human health and ecological risks from exposure to chemicals 

present in soil, groundwater, and shoreline sediment at Parcel E and identifies eoes and eoEes for 

human and terrestrial wildlife, respectively. Previous risk evaluations provided in the Revised RI Report 

(Barajas & Assotiates, Inc., 2008b) include: 

■ 

■ 

■ 

■ 

HHRA for soil and groundwater (Appendix I of the Revised RI Report) 

HHRA for shoreline sediment (Section 5.3.1 and Attachment 1 of the Revised RI Report) 

Baseline ecological risk assessment (BERA) for onshore soil (Appendix J of the Revised RI 
Report) 

Screenin;g-level ecological risk assessment (SLERA) for shoreline sediment (Appendix G of the 
Revised RI Report) 
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In addition, Appendix A of this FS Report includes a riskevaluation of groundwater to evaluate effects on 

aquatic life in the bay. It should be noted that the risk assessments (listed above) from the Revised RI 

Report were not updated to reflect the post-removal conditions at IR-02 Northwest and IR-02 Southeast 

because the revised data set would not substantially affect the risk assessment results (to an extent that 

either identified or eliminated areas that require evaluation in the FS). The revised post-removal-action 

data set was used to develop the remedial alternatives in this FS Report. 

It should also be noted that the risk assessments from the Revised RI Report were not updated to reflect 

the soil and groundwater data collected from the small, 0.98-acre area that was moved from Parcel E-2 to 

Parcel E. The revised data set would not substantially affect the risk assessment results (to an extent that 

either identified or eliminated areas that require evaluation in the FS) as demonstrated by the following 
. \ 

observations from the evaluation described in Section 2.3.1: 

• No new eoes in soil were identified in the small, 0.98-acre area. Each chemical identified in 
soil at concentrations exceeding residential screening criteria (Table 2-7) was identified 
elsewhere in the redevelopment block. 

• The exposure point concentrations used in the HHRA and BERA would not change substantially 
because (1) the number of data points within the 0.98-acre area is much lower than the rest of the 
redevelopment block, and (2) the range of reported soil concentrations in the small, 0.98-acre area 
were generally comparable to the concentrations reported elsewhere in the redevelopment block. 

• A-aquifer groundwater concentrations in the 0.98-acre area did not indicate the presence of a 
contaminant plume that could pose a risk to humans. voes were the only chemical group reported 
in the small, 0.98-acre area at concentrations exceeding vapor intrusion criteria (Table 2-8), but the 
reported voe concentrations were not persistent (Table 2-9) and do not indicate that the existing 
voe plumes extend into this area. 

The risk evaluation of groundwater (Appendix A) previously included the mo_nitoring wells .that have 

since- been moved from :Parcel E~2 to _Parcel · E. The risk evaluation determined that chemical 

concent~ations at these wells (IR04MW35A and IR04MW36A) did not pose a potential risk to aquatic life 

in the bay. Appendix A was updated to clarify that wells IR04MW35A and IR04MW36A are located in 

Parcel E. 

·2.5.1. Human Health Risk 

Human health risks at Parcel E are discussed briefly in the sections below, and are further detailed in the 

Revised RI Report (Barajas & Associates, Inc., 2008b ). The HHRA used the original (1997) 

redevelopment plan as the reasonably anticipated reuse for Parcel E; however, the HHRA also included 

an exposure scenario evaluating residential exposures throughout Parcel E. The residential exposure 

scena1cio provides an adequate baseline assessment of human health risks at Parcel E irrespective of the 

recent changes to the planned reuse based on the amended redevelopment plan (SFRA, 2010c) . 
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Section 2 Site Characterization 

Section 3.1 identifies RAOs that align current site conditions with the planned reuse identified in the 

amended redevelopment plan (SFRA, 2010c). 

2.5.1.1. Soil Risk Summary 

Both total and incremental risks were evaluated for exposure to soil at Parcel E. For the total risk 
!1 

evaluation, all d~ tected chemicals with the exception of calcium, magnesium, potassium, and sodium 

(essential nutrie~ts) were included as chemicals of potential concern (COPCs) regardless of 
I 

concentration. The total risk evaluation provides an estimate of the risks posed by all chemicals at . 

Parcel E, including those present at concentrations at or below ambient levels. For the incremental risk 

evaluation, the essential nutrients and metals with maximum detected concentrations below Hunters Point 

ambient levels (HPALs) were excluded as COPCs. The incremental risk evaluation provides an estimate 

of risks posed by,all chemicals at Parcel E, except those that do not exceed ambient levels. 

No toxicity criteria are currently available for evaluating health risks from exposure to le_ad. Therefore, 

specific cancer risk or noncancer hazard results for lead were assessed by comparing exposure point 

concentrations (J:<:PCs) for lead with (1) a RPS-specific risk-based concentration (RBC) for lead 
I, 

(155 mg/kg) for residential and recreational receptors and (2) the EPA Region 9 industrial preliminary 

remediation goal for lead (800 mg/kg) for industrial and construction worker receptors. 

For the total risk evaluation, risks from residential and industrial exposure to COPCs in soil were assessed 

for both surface soil (0 to 2 feet bgs) and subsurface soil (0 to 10 feet bgs). The evaluation of recreational 

and constructiori worker exposures to COPCs in soil were limited to surface and subsurface soil, 

respectively. For the HHRA, each redevelopment block at Parcel E was divided into smaller exposure 

areas based on a grid system (i.e., 2,500-square-foot grids for residential exposure areas, and 0.5-acre 

grids for industri.al exposure areas): These grid-based exposure areas were used in the HHRA to assess 

risks from exposvre to soil. 

Results of the total risk evaluation showed that 134 out of 141 grids in the industrial reuse areas, 99 out of 

103 grids in the residential reuse areas, and 44 out of 46 grids in the open space reuse areas exceeded the 

cancer risk threshold of lE-06 or the noncancer threshold hazard index (HI) of 1.0. For the construction 

worker exposur~ scenario, 207 out of 227 grids exceeded the cancer risk threshold of 1 E-06 or the 

noncancer threshold HI of 1.0. The total risk evaluation results are presented on Figure 5-2 (surface soil, 
!i . . ... . . 

based upon plaO:ned reuse); Figure 5-3 (subsurface soil, based upon planned reuse); and Figure 5-4 

(subsurface soil, 1 construction worker receptor) of the Revised RI Report,(Barajas & Associates, Inc:, 

2008b). 

Results of the inhemental risk evaluation showed that 71 out of 141 grids in the industrial reuse areas, 
I 

53 out of 103 grids in the residential reuse are·as, and 37 out of 46 grids in the open space reuse areas 

exceeded the cancer risk threshold of lE-06 or the noncancer threshold HI of 1.0. For the construction 

worker exposure scenario, 108 out of 227 grids exceeded the cancer risk threshold of lE-06 or the 
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noncancer threshold HI of 1.0. The incremental risk evaluation results are presented on Figure 5-5 

(surface soil, based upon planned reuse); Figure 5-6 (subsurface soil, based upon planned reuse); and 

Figure 5-7 (subsurface soil,· construction worker receptor) of the Revised · RI Report (Barajas & 

Associates, Inc., 2008b ). 

The following chemicals were identified as COCs in at least one grid based on the original (1997) 

redevelopment plan and results of the total and incremental risk evaluations for so.il. 

Exposure · 
Scenario 

lndustrial8 

Recreational8 

,. .. ~ . . "--· "~ 

•. •·\·-· . 

. Residential8 
· 

COCs in Surface Soil 
(0 to 2 feet bgs) 

Aroclor-1254 Benzo(b )fluoranthene 

Aroclor-1260 Benzo(k}fluoranthene 

Arsenic Dibenzo(a,h}anthracene 

Benzo( a)anthracene lndeno( 1,2,3-cd)pyrene 

Benzo( a )pyrene Lead 

Naphthalene 

1,2,3,4,6, 7,8-HPCDD Chrysene 

1,2,3,7,8-PECDD Dibenzo(a,h)anthracene 

2,3,4, 7,8-PECDF Dieldrin 

Aroclor-1254 lndeno( 1,2,3-cd}pyrene 

Aroclor-1260 Lead 

Arsenic PCB-105 

Benzo( a )anthracene PCB-118 

Benzo( a )pyrene PCB-187 

Benzo(b )fluoranthene PCB-206 

. Benzo(k)fllloranthene 

Antimony Dieldrin 

Aroclor-1260 lndeno( 1,2,3-cd)pyrene 

Arsenic Iron · 

Benzo( a )anthracene Lead 

Benzo( a )pyrene Manganese 

Benzo(b )fluoranthene Mercury 

Benzo(k)fluoranthene Nickelc 

Bis(2- Pentachlorophenol 
ethylhexyl)phthalate Thallium 

Dibenzo( a,h )anthracene Vanadium 
Cadmium Zinc 
Copper 

COCs in Subsurface Soil 
(Oto 10 feet bgs) 

1,2,4-Trimethylbenzene Benzo( a )anthracene 

1,3,5-Trimethylbenzene Benzo( a )pyrene 

Aldrin Benzo(b )fluoranthene 

Aroclor-1248 Benzo(k)fluoranthene 

Aroclor-1254 Dibenzo( a,h )anthracene 

Aroclor-1260 lndeno( 1,2,3-cd)pyrenec 

Arsenic Lead 

Benzene Naphthalene 
---~ 

Not applicable 

Antimony Dieldrin 
.. 

Aroclor-1254 lndeno(1,2,3-cd)pyrene 

Aroclor-1260 Iron 

Arsenic Lead 

Benzo(a)anthracene Manganese 

Benzo(a)pyrene Mercury 

Benzo(b )fluoranthene c Nickelc 

Benzo(k)fluoranthene Pentachlorophenol 

Bis(2- Silver 
ethylhexyl)phthalate Thallium 

Cadmium Vanadium 
Copper Zinc 

Dibenzo(a,h)anthracene 

. . . 
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Exposure 
Scenario 

Construction 
Worker> 

Notes: 

COCs in Surface Soil 
(O to 2 feet bgs) 

Not applicable 

Site Characterization 

COCs in Subsurface Soil 
(O to 10 feet bgs) 

1,2,3,7,8-PECDD 

2,3,4,7,8-PECDD 

1,2,4-Trichlorobenzene 

1,2,4-Trimethylbenzene 

1,3,5-Trimethylbenzene 

2,3,4,6,7,8-HXCDF 

Aldrin 

Antimony 

Aroclor-1248 

Aroclor-1254 

Aroclor-1260 

Arsenic 

Benzene 

Benzo( a )a nth racene 

Benzo( a )pyrene 

Benzo( b )fluoranthene 

Benzo(k)fluoranthene 

Copper 

Dibenzo( a,h )anthracene 

lndeno( 1,2,3-cd)pyrene 

Iron 

Lead 

Manganese 

Mercury 

Naphthalene 

Nickel 

n-Nitroso-di-n
propylamine 

Vanadium 

a COCs identified for this exposure scenario are based on the 1997 redevelopment plan for Parcel E. The exposure scenarios evaluated in 
the Revised RI Report (Barajas & Associates, Inc., 2008b) were based on methodology developed by the Navy in 2003 and 2004, in 
consultation with EPA, DTSC, and Water Board. The Revised RI Report includes an evaluation of residential exposure throughout Parcel E 

b 

C 

BCT 

bgs 

COCs 

that provides an adequate baseline assessment of human health risk irrespective of the recent changes to the planned reuse. 

The construction worker exposure scenario is not associated with a specific planned reuse for Parcel E. Based on agreement with the 
BCT, evaluation of construction worker exposure to soil was based on subsurface soil from O to 10 feet bgs; this depth range includes 
surface soil (0 to 2 feet bgs) exposure. 

COC under ibtal risk evaluation only. 

Base Realignment and Closure Cleanup Team 

below ground surface 

chemicals of concern 

HPCDD heptachlorodibenzo-p-dioxin 

HXCDF hexachlorodibenzofuran 

P.ECDD pentachlorodibenzo-p-dioxin 

For industrial e~posure (industrial and maritime-industrial reuse areas), arsenic and PAHs (primarily 
'I 

benzo[a]pyrene) \vere the most frequently occurring COCs. Arsenic was a COC in 93 percent of the grids 

evaluated, and benzo(a)pyrene was a COC in 33 percent the grids evaluated in both the total and 

incremental risk evaluations. 

For residential exposure (mixed-use and research and development reuse areas), metals (arsenic, iron, 
' ' 

manganese, nickel, and vanadium) were identified as COCs in most of the grids evaluated. For the total 

risk evaluation, ¥senic was identified as a COC in 73 percent of the grids evaluated, iron in 93 percent, 

manganese in 63 percent, nickel in· 86 percent, and vanadium in 58 percent. For the incremental risk 

evaluation, arsenic was identified as a COC in 15 percent of the grids evaluated and manganese was a 

COC in 29 percept of the grids evaluated. 

For recreational exposure (open space reuse areas), arsenic, benzo(a)pyrene, lead, and Aroclor-1260 were 

COCs in over 40 percent of the grids evaluated in the total risk evaluation and 30 percent of the grids in 

the incremental iisk evaluation. 
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For construction worker exposure (evaluated parcel-wide), arsenic was identified as a COC in 93 percent 

of the grids evaluated in the total risk evaluation and 40 percent of the grids in the incremental risk 

evaluation. Lead, P AHs, and PCBs were also identified as COCs in approximately 10 to 15 percent of the 

grids evaluated in both the total and incremental risk evaluations, 

2.5.1.2. Groundwater Risk Summary 

The following chemicals were identified as COCs m groundwater in the A- and B-aquifers based on 

planned reuse. 

Exposure 
Scenario 

industrial" 

Recreational" 

Residential" 

·-··········--

Construction 
Worker b 

Notes: 

COCs in A-Aquifer Groundwater 

1,1-DCA lsopropylbenzene 
! 

1,2-DCE (total) 
' 

Naphthalene 
: 

1,4-DCB i PCE 

Benzene 
I 

TCE 
! 

Bromodichloromethane Vinyl chloride 

Carbon tetrachloride Xylene (total) 

Chloroform 

Not applicable 

1,1-DCA lsopropylbenzene 

1,4-DCB Naphthalene 

Benzene PCE 

Chloroform • TCE 
---

.1,2-DCE (total) Chloroform c 

' 1,4-DCB Chrysene 

Arsenic lndeno(1,2,3-cd)pyrene 

Benzenec Naphthalene 

Benzo( a )anthracene Pentachlorophenol 

Benzo( a )pyrene TCE 

Benzo(b )fluoranthene Vinyl chloride 

COCs in B-Aquifer Groundwater 

Not applicable 

Not applicable 

1,4-DCB PCE 

Arsenic TCE 

Manganese Vinyl Chloride 

Thallium 
..... ---••--<>••-- -···-

Not applicable 

a COCs identified for this exposure scenario are based on the original (1997) redevelopment plan for Parcel E. The exposure scenarios 
evaluated in the Revised RI Report (Barajas & Associates, Inc., 2008b) were based on methodology developed by the Navy in 2003 and 
2004, in consultation with EPA, DTSC, and Water Board. The Revised RI Report includes an evaluation of residential exposure throughout 
Parcel E that provides an adequate baseline assessment of human health risk irrespective of the recent changes to the planned reuse 
based on the amended redevelopment plan (SFRA, 2010c). 

b The construction worker exposure sce_nario is not associated with a specific planned reuse for Parcel E. 

c Benzene and chloroform are COCs for the construction worker exposure scenario at only the IR-39 plume. The IR-39 plume is associated 
with petroleum releases from former underground storage tanks that are being addressed under ttie TPH corrective action program for 
Parcel E (Shaw, 2009b) and are not evaluated in this FS Report. 

COCs chemicals of concern 

DCA dichloroethane 

DCB dichlorobenzene 

DCE dichloroethene 

PCE tetrachloroethene 

TCE trichloroethene 
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2.5.1.3. Shor~line Sediment Risk Summary 

Human health risks associated with direct contact to shoreline sediment are relatively low. For the 

reasonable maximum exposure (RME) scenario, PCBs were the only chemical with a risk greater than lE-

06. For the central tendency exposure (CTE) scenario, a typical or average exposure to an individual, all 

risks were below !;the cancer risk threshold of IE-06 and the noncancer threshold HI of 1. For the shellfish 

ingestion pathway, the primary risk drivers associated with Parcels E shoreline sediments were arsenic, 

chromium, total PCBs, and dioxins. Cancer risks for these chemicals exceeded lE-06 for both RME and 

CTE scenarios. Risks for arsenic and dioxins were similar to those for site-specific reference areas, but risks 

for chromium a.n.d total PCBs associated with shoreline sediments were higher than those for reference 

· areas. For noncaricer risks, total PCBs were the primary contributor (Barajas & Associates, Inc., 2008b ). 

For this report, the identification of chromium as a COC was more closely examined. It appears as 

though the chroipium concentration in fish tissue was assumed to be chromium (VI) and that toxicity 

values for chroll).ium (VI) (i.e., cancer oral toxicity value of 0.19 per mg/kg-day and noncancer oral 

reference dose of 3E-03 mg/kg-day) were used in the HHRA. However, based on the current 

toxicological information listed below, ingestion of chromium in shellfish is not considered to be 

associated with cancer risk via the oral exposure route: 

■ Accordi11g to the EPA, the oral carcinogenicity of chromium (VI) cannot be determined 
(EPA, 1998a). 

■ EPA Region 3 has developed risk-based screening levels for fish tissue for both chromium (III) 
and (VI)Ji but .only for the noncancer endpoints (EPA, 2008). 

■ The oral cancer toxicity value of 0.19 per mg/kg-day for chromium (VI) used in the HHRA was 
derived by California Environmental Protection Agency's Office of Environmental Health 
Hazard Assessment (OEHHA); however, this value was withdrawn on December 19, 2001. 
Currently, no oral cancer toxicity value for chromium (VI) is listed in OEHHA's toxicity criteria 
database 1

• 

Based on this evaluation, total PCBs is the primary COC for the evaluation of human health along the 

Parcel E shorelirie. 

2.5.2. Ecological Risk 
' 

Ecological risk as~essments were performed for onshore soil, shoreline sediment, and groundwater at Parcel E. 

The ecological risks for these media are briefly discussed in the sections below. Ecological risks for 

onshore soil and shoreline sediment are discussed further in the Revised RI Report (Barajas & Associates, 

Inc., 2008b ). Ecological risks for groundwater are discussed in Appendix A of this FS Report. 

1 http://oehha.ca.g6v/risk/chemicaldb/index.asp 
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2.5.2.1. BERA for Soil 

All chemicals detected in soil samples from open space areas (former Redevelopment Blocks EOS-1, 

EOS-2, and EOS-3) in Parcel E were screened in the BERA to identify chemicals of potential ecological 

concern (COPECs). Inorganic and organic chemicals were screened against toxicity benchmarks for 

selected ecological receptors. Due to poor habitat quality, plants and terrestrial invertebrates_ were 

eliminated as receptors of concern during previous phases of the investigation (PRC Environmental 

Management, Inc. [PRC] 1994, 1996d, 1996e; TtEMI, LFR, and U&A 1997; TtEMI and LFR 2000a, 

2000b ). The BERA in the Revised RI Report focused on terrestrial birds and mammals as ecological 

receptors of concern. 

.r' 

Based on the risk screening in the BERA, the following chemicals were retained as COPECs for birds and 

mammals: 

• Antimony ■ 

• Arsenic ■ 

• Barium ■ 

Chromium 

Copper 

Lead 

• Molybdenum 

• Nickel 

• Zinc 

Organic chemicals were largely eliminated as COPECs· during the 1997 ERA and Parcel E Validation 

Study (TtEMI, LFR, and U&A 1997; TtEMI and LFR 2000a, 2000b). In the 2008 BERA, organic 

chemicals were considered COPECs if EPCs exceeded the EPCs reported in the original 1997 RI Report 

by at least 10 percent. Concentrations of chemicals for which the 2008 EPCs were within 10 percent of 

the previously evaluated EPCs were considered unchanged since the 1997 RI, so no update was required. 

As a result, the following organic COPECs were reevaluated in the 2008 BERA: 

■ 

■ 

■ 

■ 

■ 

Toluene 

TCE 

Xylene 

PCBs ( as total Aroclors) 

Total dichlorodiphenyltrichloroethane (DDT) 

The open space of Parcel E is slated for future use as a recreational area. The land immediately adjacent 

to the open space is designated industrial, maritime-industrial, or mixed use. The most likely use of the 

adjacent area is as a business park. The physical disturbances that typically occur in such an urban park 

setting are expected to limit the attractiveness of the open space to all but the most tolerant wildlife 

species, such as the house mouse (Mus musculus) and American kestrel (Falco sparverius). 

Results of the risk valuation indicated carnivorous birds (such as the American kestrel) and small 

omnivorous mammals (such as the house mouse) may be at risk from ingested doses of copper, lead, and 
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Section 2 Site Characterization 

PCBs at Parcel E. Lead occurs at concentrations well above the HP ALs, and is known to cause adverse 

effects to vertebrates when ingested. However, the magnitude of the hazard quotient (HQ) (all less than 

2. 7) and the low :quality of the habitat at Parcel E suggests that risk is not immediate or severe. Any HQ 

greater than 1.0 'is generally interpreted as indicating some risk in a SLERA. In a BERA, however, a 

more realistic assessment is appropriate. Because the low toxicity reference values (TRVs), which 

represent a lowest observable adverse effect level, were used to derive the protective soil concentrations 

(PSCs), an HQ greater than 1.0 does not indicate immediate unacceptable risk. 

In summary, no significant unacceptable risk to ecological receptors was indicated at Parcel E. The 

maximum HQs based on PSCs derived using the low TRY were 2.16 (for kestrels exposed to PCBs in 

soil) and 2.67 (for the house mouse exposed to lead in soil). Because the house mouse does not warrant 

protection as a species, and no other small mammals have been observed during trapping at the site, this 

level of risk is acceptable. The low HQ for the kestrel does not indicate population-level risk of a 

magnitude that warrants remediation. 

2.5.2.2. SLERA for Shoreline Sediment 

The Navy conducted a SLERA to determine i.f chemicals detected along the shoreline pose an ecological 

risk to those receptors exposed to the narrow intertidal zone of Parcels E and E-2 (see Appendix G of the 

Revised RI Rep9rt [Barajas & Associates, Inc., 2008b]). For the purposes of the SLERA, the habitat 

along the entire shoreline was considered as one exposure unit. In addition, the shoreline was not divided 

into Parcels E an? E-2 because it would reduce sample sizes below what is practicable for assessing risk. 

Shoreline sediment samples were analyzed for metals, VOCs, SVOCs, pesticides, PCBs, TPH, dioxins 
,, 

and furans, and ::organotins. All chemicals detected in shoreline sediment samples were screened to 

identify COPEC~. A toxicity-based approach was used to identify site-related chemicals that may pose 

risks to sensitive iecological receptors, including benthic invertebrates, birds, and mammals. 

Concentrations ~f chemicals in shoreline sediment were compared with effects ranges to assess potential 

risk to benthic invertebrates. Food-chain models were used to assess the exposure of birds and mammals 

to ingested cherJicals. Ingested doses were estimated for three birds (willet, surf scoter, and red tailed-,. 

hawk) and one mammal (house mouse). The following COECs were identified in shoreline sediment: 

■ 

■ 

■ 

Benthic ~nvertebrates: copper, lead, mercury, zinc, PCBs, and DDTs; 

Birds (willet, surf scoter, and red tailed-hawk): PCBs 

Mammals (house mouse): cadmium, copper, molybdenum, zinc, and PCBs 
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Section 2 Site Characterization 

2.5.2.3. Risk Evaluation of Groundwater 

A risk evaluation of aquatic wildlife exposed to potentially contaminated groundwater at Parcel E is 

provided in Appendix A. The assessment consists of the following general steps: 

• Aquatic evaluation criteria were selected based on surface water quality criteria (Basin Plan 
Table 3-3; California Toxics Rule; National Recommended Water Quality Criteria; and National 
Ambient Water Quality Criteria). All of these standards apply to surface water; none of them 
applies to groundwater. Therefore, these potential ARARs for surface water would be applied to 
the surface water at the interface of the A-aquifer groundwater, but would not be used to set 
cleanup standards for in-situ A-aquifer groundwater at Parcel E. 

• The Navy developed trigger levels for various inland locations to ensure surface water quality 
criteria are not exceeded if groundwater at Parcel E discharges to the bay. The trigger levels are 
intended to serve as conservative comparison values for groundwater to indicate when additional 
evaluation may be necessary. The development of the trigger levels was initially performed in 

· the Parcel D FS, and has also been applied at HPS Parcels B and C. The development of the 
trigger levels is discussed in Attachment Al to Appendix A. 

• Chemical concentrations in groundwater were screened against the assigned aquatic evaluation 
criteria, mainly comprising saltwater aquatic criteria, to identify COPECs for surface water 
quality. 

• Site-specific data for select COPECs were then evaluated against trigger levels, where 
appropriate, to confirm if the COPECs posed a potential risk to aquatic receptors requiring 
remedial option analysis. 

Based on concentrations exceeding trigger levels (as adjusted based on HGALs), the following chemicals 
I 

( or groups of chemicals) pose a potential threat to aquatic wildlife through exposure to surface water 

impacted by contaminated groundwater at Parcel E: 

■ 

■ 

■ 

Metals: arsenic, copper, lead, nickel, and zinc; 

PCBs_ and pesticides: Aroclor~1254, Aroclor-1260, 4,4'-dichlorodiphenyldichloroethene (DDE), 
and alpha-chlordane; and 

Total TPH: sum of detected concentrations of all TPH ranges (gasoline-range, diesel-range, and 
motor-oil range). 

Figure 2-9 shows the locations where groundwater concentrations exceeded their respective trigger levels. 

As discussed in Appendix A, chemical.concentrations at the IR-05 metals plume and the IR-12 nickel 

plume do not exceed their respective trigger levels; as a result, these plumes do not require further 

evaluation in this FS Report. As discussed in Section 2.3.3.1, chemical concentrations at the IR-02 

_ Southeast metals plume have attenuated following the Metal Debris Reef removal action; as a result, this 

plume also does not require further evaluation in the FS Report. Table 2-14 summarizes the specific 

COPECs at the locations identified on Figure 2-9 . 
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A-aqu ifer Well 

B-aqu ifer Well 

Bedrock VVBZ Well 

Tidally Influenced Zone 
(Maximum Tidal Fluctuation 2: 0.10 foot) 

Parcel E Boundary 

Other HPS Parcel 

Non-Navy Property 

LJ Build ing 

Road 

Gravel Road 

Estimated areas where COECs may be 
migrating to the bay at concentrations 
exceeding aquatic evaluation criteria: 
,- - - ~ Metals 
I.. - - ----· 1 

, PCBs and Pesticides 
I.. - - -
--- 'I 
~ __ _! Total TPH 

Notes: 
The tidal influence study was conducted from May 20 to 
June 3, 2002. (Tetra Tech EM Inc., 2004a.) 
COE Cs = chemicals of ecological concern 
HPS = Hunters Point Shipyard 
PCBs = polychlorinated biphenyls 
TPH = total petroleum hydrocarbon 
voes = volatile organic compounds 
WBZ = Water Bearing Zone 

Reference: 
Tetra Tech EM Inc. 2004a. "Revised Final Parcel E 
Groundwater Summary Report, Phase Ill Groundwater 
Data Gaps Investigation, Hunters Point Shipyard , San 
Francisco, California." October 17. 
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ERRG RESOURCES GROUP, INC. 

Hunters Point Shipyard , San Francisco, Californ ia 
U.S. Department of the Navy, BRAC PMO Wes~ San Diego, Cal1forrna 

FIGURE 2-9 
SCREENING- AND TRIGGER-LEVEL 

GROUNDWATER EVALUATION 
FOR AQUATIC LIFE AT PARCEL E 

Feasibility Study Report for Parcel E 
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• • • Table 2-1. IR Sites and Redevelopment Blocks 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

· Corresponding 
IR Site IR Site Significant Features Redevelopment Block(s) Past Activities and Potential Sources 

IR-02 Northwest Bay Fill Area; Triple A Sites EOS-1 Radium dial disposal area; disposal of construction debris, 
2 and 14<aJ industrial debris, and liquid wastes (Triple A sites) 

IR-02 Central 

IR-02 Southeast 

IR-03 

Bay Fill Area; Triple A Sites 
17 18 and 19(a) · , ' 

Bay Fill Area; Metal Debris 
Reef; AST S-505; Triple A 

Site 13<a) 

Former oil reclamation 
ponds area; 

Triple A Site 17<aJ 
---1--------···· 

IR-04 

IR-05 

IR-08 

IR-11/14/15 

Former Building 807 
(scrap yard shed); 
Triple A Site 3<aJ 

Old transformer storage site 

Former Building 503; 
PCB Spill Area (1988) 

Building 521; Triple A Sites 
6, 7, 12, and 13<a>; former 
NRDL Buildings 506, 509, 

. 510, 510A, 517, and 529 

EOS-2 and EOS-3 

EOS-4 

EOS-3 

MU-3 

MU-1 

MU-2 

EOS-3, EOS-4, 
and MU-2 
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Former and current firing ranges; disposal of construction and 
industrial debris; dumping of industrial debris and liquid and 
sandblast waste (Triple A Sites 17 and 18); dumping and 
burning waste liquids (Triple A Site 19) 

Removed AST S-505 used to store PCB-containing liquid 
waste that was dumped along shoreline (Triple A Site 13); 
former burn disposal area (metal debris reef) 

--------
Former oil reclamation ponds; dumping of liquid and sandblast 
waste (Triple A Site 17) · 

Scrap yard used to store scrap metal, drums, pipe lagging, 
liquid waste, and batteries (Triple A Site 3) 

Fenced area of unknown use (Triple A Site); former 
transformer storage 

Spill of. PCB-containing oil in 1988; removed AST at Building 
503 

Oily liquid waste disposal (Triple A Sites 6 and 7); incineration 
of unknown industrial materials (Triple A Site 12); waste pond 
area (Triple A Site 13); steam generating power plant in 
Building 521; formerly contained buildings used by NRDL as 
Chemistry Laboratory (Building 506), Animal Irradiation 
Laboratory (Building 509), Physics Laboratories (Buildings 510 
and 51 0A), Biomedical Facility (Building 517), and 
Radioisotope Storage and Cockroft-Walton Accelerator 
(Building 529). 

ERRG 



Table 2-1. IR Sites and Redevelopment Blocks (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Corresponding I 
IRSite IR Site Significant Features Redevelopment Block(s) I Past Activities and Potential Sources 

IR-12 Triple A Sites 3 and 4<a> EOS-1, EOS-5A, MU-1, Scrap yard used to store scrap metal, drums, pipe lagging, 
and MU-3 liquid waste, and batteries (Triple A Site 3); disposal trench for 

--~· - "--c-->'=<~--- .~ - --- --- -,,-" _., __ - =-----~ ---~-- · waste•liqaids·and,·concrete·padawherewaste • Iiquid•dru ms , 
were crushed (Triple A Site 4) 

............ ····--····· ....... 

IR-13 Triple A Sites 5 and 15<a> MU-1 Oily soil pile and drums containing waste liquids (Triple A Site 
5); sandblast waste storage (Triple A Site 15) 

-··---·· ----------- ·-- ---------

IR-36 North Buildings 400 and 405 MU-1, MU-2, and MU-3 Disposal of construction debris; storage of solvents in 
Buildings 400 and 405, decommissioned ship parts and 
equipment 

- . -

IR-36 South Buildings 406,413, and 414 MU-1 and MU-2 Degreasing operations, including solvent releases from floor 
drains (Building 406); waste oil drums stored in Building 413; 
stained oily area between Buildings 413 and 414 where drums 
of waste oil were stored 

IR-36 West Buildings 371, 704, and 709 , MU-1 Automotive repair shop stored oils, solvents, acids, and 
battery solutions (Building 704); area around Buildings 371 
and 704 used to store vehicles, equipment, and two ASTs for 
oils and solvents; former Navy Exchange gas station (Building 
709) with 7 former USTs 

IR-38 Former Buildings 507 and EOS-4 and MU-2 Formerly contained buildings used by NRDL as a biological 
508 laboratory (Building 507) and health physics office (Building 

I 508) 

IR-39 Buildings 707, and 708 . MU-1 and MU-2 Pole-mounted transformer (Building 707); buildings used by 
NRDL for animal research (Building 707) and as a Biomedical 

i 
Facility (Building 708) 

' 
IR-40 Building 527 

' 
EOS-4 Pier 2 and electrical substation (Building 521) 

N:\Projects\2005 Projects\25-049 _Navy_ HPS _ E-2 _ RI-FS\B _ Originals\Parcel-E_FS\05Final\ Tables IT able 2-1.doc 

ERRG-6011-0000-0006 Page 2 of 4 -0' ERRG 

• • • 



Table 2-1. 

IR Site 

lR-51 (b) 

IR-52 

IR-54 

• • IR Sites and Redevelopment Blocks (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Corresponding 
IR Site Significant Features Redevelopment Block(s) j Past Activities and Potential Sources 

Steam line system 

Fuel distribution lines 

. Storm drain and sanitary 
sewer systems 

EOS-1, EOS-2, EOS-3, 
EOS-4, MU-1, MU-2, . 

and MU-3 I
: Triple A is suspected of having used the steam line system to 

transport waste oil from Berth 29 in Parcel D and Dry Dock 4 
. in Parcel C to Building 521 and former AST S-505 (SFDA, 
[ 1986; DHS, 1988). 

EOS-3 and EOS-4 l Fuel was transported from Berth 29 in Parcel D to Building 

J
• 521 and former AST S-505. Triple A is suspected of having 

used the fuel lines to transport waste oil from Berth 29 in . 
Parcel D to Building 521, former AST S-505, and the former oil 
reclamation ponds (IR-03) (SFDA, 1986). 

-···-····--· ----------
All . 

1 
Potential radioactive contamination at systems associated with 

i former NRDL sites (NAVSEA, 2004). 
-,------------+--------~~ '~~~~-~•~--- ----~-•-•---•-•m••---------

Former electrical 
transformer locations 

Railroad right-of-way 

Building 511A EOS-4 

Transformers located throughout HPS were removed from 
their original locations in 1988 (HLA, 1990b). All remaining · 
transformers were inspected, inventoried, and sampled 
(TtEMI, 1998b). IR-51 soil data were evaluated as part of the 
physical IR site in which the samples were collected. 

Railroad yard area and Railroad right-of-way 

Former woodworking hobby shop, demolished 

IR-56 Building 809 EOS,-5B, EOS-5C, and Lumber storehouse (Building 809); railroad yard area used to 
clean metal parts; open storage yard for scrap metal, motors, 
and batteries 

. . I MU-3 

---IR--~ Buildings 810 and 81-1;-+-- EOS-5B and MU~3 
USTs S-801 and S-802; 

Triple .A Site 3(a) 

IR-73 Removed ASTs EOS-4 
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Scrap yard used to store scrap metal, drums, pipe lagging, 
liquid waste, and batteries (Triple A Site 3); storage of paint,. 
oil, and liquid waste (Building 81 O); diesel station for fueling 
train engines (Building 811 ); two closed-in-place USTs (S-801 
and S-802) 

I
: Former asphalt manufacturing plant; removed ASTs; storage 

of drums containing oily liquids 

-.. 
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Table 2-1. IR Sites and Redevelopment Blocks (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Notes: Information provided in table from Table 1-2 in the Final Revised RI Report for Parcel E (Barajas & Associates, Inc., 2008b). 

(a) During its occupancy of HPS, Triple A allegedly generated hazardous substances and wastes at the shipyard and allegedly engaged in the improper disposal of hazardous 
substances and wastes at various locations throughout Parcel E; further information is provided in the Revised Remedial Investigation Report for Parcel E (Barajas & 
Associates, 2008) 

(b) Facility-wide IR site that was established for the former utility network at HPS 

--'0"= not·applicable•--. ·· - ·-

AST = aboveground storage tank 

DHS = Department of Health Services 

HLA = Harding and Lawson Associates 

HPS = Hunters Point Shipyard 

IR= Installation Restoration 

NAVSEA = Naval Sea Systems Command 

NRDL = Naval Radiological Defense Laboratory 

SFDA = San Francisco District Attorney 

TtEMI = Tetra Tech EM Inc. 

UST = underground storage tank 

Sources: 

Barajas & Associates, Inc., 2008b. "Final Revised Remedial Investigation Report for Parcel E, Hu.nters Point Shipyard, San Francisco, California." May 2. 

DHS, 1988. "Remedial Action Order, Docket No. HSA87/88-034RA." January 7. 

HLA, 1990b. "Draft Preliminary Assessment, Other Areas/Utilities, Naval Station Treasure Island, Hunters Point Annex, San Francisco." October 19. 

NAVSEA, 2004. "Historical Radiological Assessment, Volume 11, Use of General Radioactive Materials, 1939-2003, Hunters Point Shipyard, San Francisco, California." Prepared by 
Radiological Affairs Support Office. August 31. 

SFDA, 1986. "People of California -v- Triple A Machine Shop Inc., et al., Exhibit to People's Memorandum of ·Points and Authorities in Support of Temporary Restraining Order 
Construction Trust. and Appointment of Receiver filed by Ario Smith, District Attorney, et al., in the Superior Court of the State of California, in and of the City of San Francisco." 

TtEMI, 1998b. "Final Basewide Environment.al Baseline Survey, Revision 01, Hunters Point Shipyard, San Francisco, California." September 4. 
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• • 
Table 2 .. 2. Parcel E Historical and Current Use of Buildings by Redevelopment Block 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Redevelopment I Former Shipyard Use 
I Block IR Site l Building No.1 Area (ft2) (1940 to 1974) 
' 

MU-3 IR-36 North t 404A 45,907 Ships operational activity 
parts receiving storehouse 

MU-2 IR-36 North 405 Unknown Supply storehouse (covered 
parking area) 

MU-2 IR-36 North 406 42,183 Supply storehouse 
' 

MU-2 IR-36 South 

I 
413 42,183 Storehouse packing and 

preservation 

MU-2 IR-36 South 
l. 

414 30,596 Supply storehouse , I 

MU-3 IR-36 South 400 33,468 Public works furniture 
storehouse 

',-,·--

EOS-3 and IR-11/14/15 520 6,800* Dental clinic 
MU-2 

MU-2 IR-11/14/15 529 400* NRDL radioisotope storage 
and Cockroft-Walton 
accelerator 

MU-2 IR-38 500 22,572 Chief Petty Officer Barracks 

MU-2 IR-39 505 30,704 Navy Exchange 

MU-2 IR-08 and 606 89,600 Building 606 built in 1989 for 
IR-38 (location of former Shore Intermediate 

Building 503) Maintenance Activity; also 
used as military post office 

Building 503 was former base 
laundry facility 
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• 
Current Use Current Tenant 

Vacant Vacant 

Vacant Vacant 

Vacant Vacant 

Vacant Vacant 

Vacant Vacant 

- . Vacant Vacant 

Demolished Vacant area 
(former building 

demolished) 

Demolished Vacant area 
(former building 

demolished) 

Vacant · Vacant 

Vacant Vacant 

Offices San Francisco 
Police Department 



Table 2-2. Parcel E Historical and Current Use of Buildings by Redevelopment Block (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Redevelopment Former Shipyard Use 
Block. IR Site Building No.1 Area (ft2) (1940 to 1974) Current Use 

EOS-4 and IR-11/14/15 506 8,900* NRDL Chemistry Laboratory Demolished 
MU-2 ·- - - - ~ -- -- --

" .. ···------·-- ---·-·-·-····-- -······-·-""· ------ .......... --- ----- --· -- -····--·-

EOS-4 and IR-38 507 6,700* NRDL Biological Laboratory Demolished 
MU-2 

MU-2 IR-38 508 6,900* NRDL Health Physics Office · Demolished 

' ' 
MU-1 IR-13 524 4,100* Commissary storehouse Demolished 

- ·--' MU-1 IR-13 803 9,600* Commissary Demolished 

I 
MU-1 . IR-36 West I 371 2,460 'Equipment storage Vacant 

MU-1 IR-36 West ! 704 8,013 Transportation shop car Vacant 

l shelter 

MU-1 IR-36 West I 709 1,263 Navy Exchange Gas Station Vacant 

MU-1 IR-36 West I 294 1,418 Unknown Demolished 

EOS-2 IR-02 Central 1 600 - 104,537 Bachelors Enlisted Quarters Vacant 
: 

MU-1 IR-39 707 5,136 NRDL Animal Colony Vacant 

MU-1 IR-39 708 1,859 NRDL Biomedical Facility Vacant 
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Current Tenant 

Vacant Area 
(form~!:,PJJitging 

demolished) 
-- ---- - -·--·-·-·····-·----·---·--····-

Vacant Area 
(former building 

demolished) 

Vacant Area 
(former building 

demolished) 

Vacant Area 
(former building 

demolished) 

Vacant Area 
(former building 

demolished) 

Vacant 

Vacant 

Vacant 

Vacant Area 
(former building 

demolished) 

Vacant 

Vacant 

Vacant 

----; ERRG 

• 



Table 2-2. Parcel E Historical and Current Use of Buildings by Redevelopment Block (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Redevelopment I Former Shipyard Use 
Block IR Site I - Building No.1 Area (ft2) (1940 to 1974) Current Use 

' ; 

MU-3 IR-04 807 1,482 Scrap yard shed Demolished 

' i --<•--
MU-3 IR-12 I 702 6,000* Storehouse Demolished 

! 
i . 
! - '··- ·-· 
!. 

MU-3 IR-56 l 809 11,159 Lumber storehouse Vacant 

EOS-58 and IR-72 810 20,350 Paint and oil storehouse Vacant 
MU-3 

MU-3 IR-72 811 171 Service station - diesel oil Vacant 
platform 

MU-3 None : 701 4,500* Unknown Demolished 

EOS-4 IR-11/14/15 . 509 4,200* NRDL Animal Irradiation Demolished 
Laboratory 

EOS-4 IR-11/14/15 510 2,300* . NRDL Physics Laboratory Demolished 

··-········- .................. .... ............ .. ···-· ······-···---··-·····-····· ... ··········-·······----······- ·········· ·········-····· , ............ . .............. , .... . .... --··········-·--····-···-····· 

EOS-4 IR-11/14/15 510A 500* NRDL Physics Laboratory Demolished 
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• 
Current Tenant 

Vacant Area 
(former building 

demolished; 
blackened 

remnants of buried 
structure) 

Vacant Area 
(former building 

demolished) 

Vacant 

Vacant 

Vacant 

Vacant Area 
(former building 

demolished) 

Vacant Area 
(former building 

demolished) 

Vacant Area 
(former building 

demolished) 

. Vacant Area 
(former building 

demolished) 



Table 2-2. Parcel E Historical and Current Use of Buildings by Redevelopment Block (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Redevelopment 
I 

I Former Shipyard Use 
Block IR Site I Building No.1 Area (ft2) (1940 to 1974) Current Use 

: I 

EOS-4 IR-11/14/15 511 7,700* Offices Demolished 

' 
-

EOS-4 IR-11/14/15 514 6,200* Barracks Demolished 

. EOS-4 IR-11/14/15 515 6,100* Military services Demolished 

__ m,_, 

EOS-4 IR-11/14/1ff 
I 

516 6,700* Barracks Demolished 

EOS-4 IR-11/14/15 517 2,200* NRDL Biomedical Facility Demolished 

l 
EOS-4 IR-11/14/15 I 518 11,000* Movie theater Demolished 

! 

I 
l 

EOS-4 
I 

IR-11/14/15 521 6,393 Power plant Vacant 

EOS-4 IR-38 512 6,900* Elementary school Demolished 

EOS-4 IR-54 511A 1,200* Woodworking hobby shop Demolished 
: 
I 
I 
I 
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• • 

Current Tenant 

Vacant Area 
(form~r_building 

demolished) 

Vacant Area 
· (former building 

demolished) 

Vacant Area 
(former building 

demolished) 

Vacant Area 
(former building 

demolished) 

Vacant Area 
(former building 

demolished) 

Vacant Area 
(former building 

demolished) 

Vacant 

Vacant Area 
(former building 

demolished) 

Vacant Area 
(former building 

demolished) 

-~:--~ 
ERRG 
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• 
Table 2-2. 

• 
Parcel E Historical, and Current Use of Buildings by Redevelopment Block (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Redevelopment 

I I 
Former Shipyard Use 

Block IR Site Building No.1 Area (ft2) (1940 to 1974) Current Use 

EOS-4 None 513 6,100* Barracks Demolished 

............... ......... ............ ................ ........... -······· 

EOS-4 IR-40 527 408 Electrical substation Vacant 

• 
Current Tenant 

Vacant Area 
(former building 

demolished) 
.. , ......... 

Vacant 

Notes: Information provided in table from Table 3-1 in the Final Revised RI Report for Parcel E (Barajas & Associates, Inc., 2008b); minor unnumbered structures are not in included 
in the table above. · 

Building areas are estimated. 

ft2 = square feet 

IR = Installation Restoration 

NRDL = Naval Radiological Defense Laboratory 

Sources: 

Barajas & Associates, Inc., 2008b. "Final Revised Remedial Investigation Report for Parcel E, Hunters Point Shipyard, San Francisco, California." May 2. 
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• • • 
Table 2-3. Summary of Previous Environmental Investigations at Parcel E 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source 

CERCLA Investigations 

1984 Initial Assessment 
. Survey /NEESA, 1984 

Objective/ Activities 

The IAS assessed the extent of 
releases of contamination, potential 
migration pathways, and potential 
receptors (humans or wildlife) where 
releases of contamination had 
occurred. The IAS was based on 
reviews of records and interviews of 
previous workers at the site. Eight sites 
within Parcel E were included in the 
IAS: IR-03 (Oil Reclamation Ponds), 
IR-02 Southeast (Burn Disposal Area 
and AST S-505), IR-04 (Scrap Yard 
Shed Building 807), IR-05 (Old 
Transformer Storage Yard), IR-11/14/15 
(Power PIQnt Building 521 ), IR-02 
Northwest and IR-02 Central (Old Bay 
Fill Area), and Bay Sediment (includes 
all sediments immediately surrounding 
the shoreline, specifically in IR-02 and 
IR-03). 

Conclusions/Recommendations 

Based on the findings of the IAS, five of the eight sites 
(IR-03, IR-04, IR-05, and IR-02 Nor_thwest and IR-02 
Central) were recommended for further evaluation in a 
confirmation study. Two oUhe Parcel E sites, IR-02 
Southeast and Bay Sediment, were recommended for no 
further investigation. 

--------------- -------- ------
1986 Triple A 

Investigation/SF DA, 
1986 

The Navy conducted an investigation of SFDA charged Triple A with illegally disposing of hazardous 
Triple A's hazardous waste disposal wastes at 20 locations throughout HPS. · Fourteen of the 
practices at HPS. sites (fenced area, 2, 3, 4, 5, 6, 7, 12, 13, 14, 15, 17, 18, 

and 19) are within the boundaries of Parcel E. 
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Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source 

CERCLA Investigations (continued) 

1987 Confirmation Study 
and Verification 
Step/EMCON, 1987a 

Objective/ Activities 

Conducted to verify the presence of 
hazardous waste contamination. 
Activities included a geophysical 
survey; subsurface exploration using 
exploratory borings; and soil, 
groundwater, and air sampling. The 
study included Parcel E sites IR-02, 
IR-03, IR-04, IR-05, and IR-11. 
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• • 

Conclusions/Recommendations 

The Confirr:nation Study made the following conclusions and 
recommendations for Parcel E sites: 

• IR-02: Copper, voes, and SVOCs were detected in 
soil samples at concentrations exceeding screening 
criteria. The study recommended further 
characterization of the vertical and horizontal extent of 
these chemicals and a risk assessment. 

• IR-03: The oil reclamation ponds did not pose an 
immediate risk to humans or wildlife from direct 
exposure. However, a risk assessment and periodic 
groundwater monitoring was recommended. 

• IR-04: Chemical concentrations in surface soil did not 
present an immediate risk of exposure at the site. The 
study recommended collection of an additional soil 
sample from the scrap yard for analysis using the WET 
and the leachate generated from the WET analyzed for 
lead. 

• 

• 

IR-05: PCBs were detected in only 2 of 19 soil samples 
collected at concentrations below screening criteria. 
This site was not recommended for further investigation. 

IR-11: Analytical results for air samples collected at 
Building 521 indicated that the building had not 
contributed to an increase in airborne asbestos; 
however, the study recommended that asbestos
containing materials found at the site be removed and 
disposed of properly. 



• • • 
Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source 

CERCLA Investigations (continued) 

1987 

. 1988 

Area Study/EMCON, 
1987b 

Remedial Action 
Order/OHS, 1988 

Objective/ Activities 

. Evaluate whether ACM is present in 
areas of HPS where potential future 
construction would occur or potential 
hazardous materials were located. The 
study consisted of surface sampling for 
ACM, shallow subsurface exploration 
using exploratory borings, soil 
sampling, and laboratory analyses. 
The following Parcel E IR sites were 
included in the study: IR-02 Northwest, 
IR-04, IR-05, IR-11/14/15, IR-12, IR-13, 
IR-36 North, IR-36 South, IR-36 West, 
IR-38, and IR-39. 

OHS issued a Remedial Action Order 
documenting the releases and requiring 
the Navy and Triple A to implement a 
remedial action under CERCLA to 
abate risks to human health. 
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Conclusions/Recommendations 

ACM was detected in subsurface soils at IR-11/14/15, 
IR-12, IR-36 North, and IR-36 South. The study concluded 
that soils within Study Area A, including Parcel E, contained 
naturally occurring asbestos derived from the serpentine 
bedrock. 

The Remedial Action Order listed eight of the nine sites 
identified during the confirmation study (Bay Sediments 
were not included) and the 14 Triple A sites identified during 
the civil proceedings against Triple A. The Remedial Action 
Order also listed an additional site, the PCB Spill Area, 
identified during construction activities near Building 503 in 
1986. The order required the Navy and Triple A to prepare 
a scoping document; submit an RI/FS work plan, a RAP, 
and a remedial design; implement the remedial design and 
final RAP; oversee O&M activities; address any 
modifications to the final RAP, notify OHS of any proposed 
removal actions. 

ERRG 



Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source Objective/ Activities 

CERCL~ lr1".'es!~gations (continued) 

1988 

1988 

Scoping Document 
Summary/HLA, 1988 

Fence-to-Fence 
Survey/ERM-West, 
1988 

The scoping document summarized 
(1) previous activities and 
investigations, (2) ongoing or planned 
investigations and how they relate to 
the RI/FS process, (3) the Navy's 
approach to investigating and 
remediating sites under the RI/FS and 
the field investigations to be conducted 
as part of the RI, and ( 4) proposed 
investigation activities for sites 
identified during the IAS, confirmation 
study, and Triple A investigation. Sites 
were grouped into operable units. 

Conducted to inventory suspected and 
known hazardous wastes and 
materials. Over 50 buildings, 39 
residences, and 36 separate areas 
(including open fields, lots, dry docks, 
piers, and electrical substations) were 
surveyed. The inventory included any 
type of material that could be classified 
as hazardous waste (over 2,500 items 
included). No samples were collected 
or analyses performed during the 
survey. 
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Conclusions/Recommendations 

The scoping document recommended RI/FSs be conducted 
at IR-02, IR-03, IR-04, IR-05, IR-08, IR-11 and PA/Sis be 
conducted at PA Sites 12 through 15. The scoping 
document further recommended that PA Sites 12 through 
15 be included in the RI/FS process and renumbered as IR 
sites if PA/SI results indicate releases of hazardous 
substances pose a threat to human health and the 
environment. However, if results of the PA/SI indicate a 
threat is not present, supporting documentation will be 
provided to the regulatory agencies, and if agreed, these 
sites will be removed from further investigation. 

·_ The survey report concluded tenants generally managed 
hazardous wastes and materials in ways that did not pose 
an immediate environmental threat to HPS. Information 
from the survey was also used in later investigations (such 
as the PA and SI). 



• • • 
Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source 

CERCLA Investigations (continued) 

1988 to 
1989 

Solid Waste Air Quality 
Assessment TesUHLA, 
1989a 

Objective/ Activities 

Evaluated meteorological conditions, 
ambient air quality, landfill gas 
compositions, surface gas emissions, 
and subsurface gas migration. The 
SWAQAT focused on the Parcel E-2 
Landfill, but also included Parcel E sites 
IR-02, IR-03, IR-12, and IR-14. 

------------~ 

1988 Remedial Investigation 
Phase 1 
Reconnaissance/HLA, . 
1990a 

Evaluated hydrogeologic conditions and 
identified waste boundaries using GPR, 
electromagnetic survey, and test pits to 
delineate the extent of waste 
depositions in fill material. Surface 
scintillation counts also were measured 
to evaluate whether surface radiation 

· exceeded HPS background levels. · 

Conclusions/Recommendations 

SWAQAT results indicated possible off-site migration of 
landfill gas from the northern portion of the Parcel E-2 
Landfill and surface and subsurface methane and carbon 
dioxide at the landfill and IR-02. Landfill gas control is 
currently being addressed as part of the Parcel E-2 
activities. 

Results were used to identify data needs for later RI 
activities at Parcel E. 

--·-.,·------------,-----------------------------'---- -------
1989-
1990 

Preliminary 
AssessmenUt-JLA, 
1989b and 1990b 

Reviewed existing documents to· 
(1) identify buildings or areas where 
chemicals were used, stored, or 
disposed of; (2) evaluate potential 
environmental effects of underground 
utilities (e.g., steam lines, storm and 
sanitary sewer lines, fuel lines, etc.); 
(3) identify potential receptors and 
threats to human health and the 
environment; (4) evaluate the need for 
immediate removal actions; (5) assess 
priorities for subsequent SI activities; 
and (6) identify which IR sites required 
no further action or investigation. 

N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\Tables\Table 2-3.doc 

ERRG-6011-0000-0006 Page 5 of 18 

Areas with chemical data indicating contamination in soil or 
groundwater were included in the RI. Areas where leaks or 
spills of chemicals were suspected or identified were 
recommended for further action during the SI. The following 
Parcel E sites were evaluated as part of the PA and 
recommended for further action: IR~12 through IR-15, IR-36 
North, IR-36 South, IR-36 West, IR-38, IR-39, IR-40, IR-52, 
IR-54, IR-56, and portions of facility-wide utility systems. 
IR-12 and IR-15 were carried forward directly to the RI 
phase (IR-14/IR-15 were combined with IR-11 ), and the 
remaining sites were carried forward to the SI phase. 

~-]~)-} 
El~G 



Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source Objective/ Activities 

CERC'-:A Investigations (continued) 

1991-1992 

1992-
1996 

Intertidal Sediment 
Study and 
Environmental 
Sampling and Analysis 

, Plan/ATT, 1991 

Remedial 
lnvestigation/TtEM I, 
LFR, and U&A, 1997 

Sediment samples were collected in the 
intertidal zone of the HPS perimeter. 
Most samples were collected along the 
bay edge of Parcel E (South Basin) to 
evaluate if chemicals had migrated from 
Parcel E to San Francisco Bay. The 
ESAP study measured concentrations 
of chemicals in sediments, stormwater, 
and bay water near stormwater outfalls 
and other potential sources areas within 
HPS. Mussel tissue was also collected 
and analyzed. 

Evaluated the nature and extent of 
contamination in soil and groundwater 
at Parcel E. More.than 4,700 soil and 
1,200 groundwater samples were 
collected and analyzed for various 
hazardous substances, including 
metals, organic chemicals, and TPH. 
All data were compared with screening 
criteria for the protection of humans and 
wildlife. Additionally, an HHRA for soil 
and groundwater and ERA for soil were 
conducted. · 
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Conclusions/Recommendations 

Intertidal and ESAP data were used to identify COPCs in 
the Phase 1A ERA. Based on the findings of the ESAP, it 
was determined that quantitative data collected in the future 
should focus on offshore sediments as the main cause of 
toxicity to humans and wildlife present at the site. 

Based on the soil results, the RI Report recommended that 
all Parcel E sites be carried forward to an FS to develop risk 
management strategies and evaluate possible remedial 
actions for the site. Additionally, the report noted that 
additional soil sampling was needed to better define the 
nature and extent of contamination at the parcel. Based on 
the HHRA results for groundwater, the RI Report concluded 
groundwater contamination did not pose an unacceptable 
risk to human health. However, the report noted many sites 
contained chemicals in groundwater at concentration 
exceeding screening criteria, thus further groundwater 
sampling was required to define the nature and extent of 
groundwater contamination: 



• • • 
Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source 

CERCLA Investigations (continued) 

1992, 1994, 
and 1996 

Facility-wide Ambient 
· Air Monitoring 
(Phases I, II, and 
III)/Appendix Din 
TtEMI, LFR, and U&A, 
1997 

Objective/ Activities 

Ambient air sampling was conducted at 
select locations, including Parcel E, in 

. three phases at HPS. Phase I focused 
on testing air upwind and downwind of 
approximately 25 percent of the 
contaminated sites. Phase II tested 
upwind and downwind conditions of the 
remaining 75 percent of potential 
contaminated sites; specifically, 
samples were collected at nine 
locations (1, 2, 3, 4, 11, 13, 14, 15, and 
20) in Parcel E and analyzed for 
metals, voes, SVOCs, asbestos, and 

· formaldehyde. 

Phase Ill sampling was conducted to 
address uncertainties associated with 
Phase II sampling; samples were 
collected from locations 1, 2, 13, and 14 
in Parcel E. 
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Conclusions/Recommendations 

Phase II results indicated concentrations of chemicals in air 
at Parcel E were similar to bay area regional air quality 
monitoring results, with only minor differences observed for 
most chemicals. During Phase II a sandblast waste pile 
was removed from Parcel E. Sampling results for the 
sandblast waste pile indicated that sites near the pile had 
elevated levels of asbestos, metals, and PCBs, which were 
related to the removal action. Additionally, VOC 
concentrations measured at location 1 ·were likely 
influenced by a light industrial park upwind of the sampling 
location. As a result, additional sampling was 
recommended to verify that elevated concentrations were 

· from non-HPS sources. 

Phase Ill results indicated that concentrations of asbestos, 
metals, and VOCs at the selected locations were not 
present or present at very low concentrations that were 
similar to regional background concentrations. As a result, 
no further actions or studies for ambient air at HPS were 
recommended. 



Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source Objective/ Activities 

CE,RCLA Investigations (continued) 

1993 to 
1994 

1993 to 
1994 

Site lnspection/HLA, 
1994c and 1994d 

Soil and groundwater samples were 
collected and analyzed for metals, 
voes, SVOCs, pesticides, PCBs, and 
TPH to further evaluate whether 
contamination was present and if a 
release to the environment had 
occurred. Additionally, results were 
used to characterize site-specific 
hydrogeologic conditions and evaluate 
if a site should be included in the RI for 
further investigation. Utility lines 
(steam, storm drain, and sanitary 
sewer) were mapped, surveyed, 
visually inspected, and sampled. 
Geophysical surveys were conducted to 
map fuel lines and locate suspected 
USTs. 

Site Assessment/HLA, · The SA evaluated 75 sites, including 
1994b 110 buildings and areas. Specifically, 

the SA evaluated areas that had not 
been previously investigation under the 
IR Program because of lack of access 
or documentation and areas that might 
have been conducted by recent (a 
decade prior to the SA) activities. The 
SA consisted of a records review, 
personnel interviews, and a field 
inspection to identify potential areas of 
contamination. 
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Conclusions/Recommendations 

The SI Report recommended further evaluation for IR-36 
North, IR-36 South, IR-36 West, IR-38, IR-39, IR-40, IR-52, 
IR-54, and IR-56 as part of the RI phase. The SI Report 
also recommended that the utility sites (IR-45, IR-47, and 
IR-50) be investigated further in the RI phase. 

The SA recommended further investigation in a combined 
SI and RI for four SA sites (SA-142, SA-146, SA-149, 
SA-150) in Parcel E. 



• • • 
Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source 

CERCLA Investigations (continued) 

1994 to 
1996 · 

1997-1998 

Phase 1A and 1 B 
Ecological Risk 
AssessmenUPRC, 
1994, 1996d,and 
1996e 

Parcel E Feasibility 
Study Report/TtEMI, 
1998 

Objective/ Activities 

The Phase 1 A ERA was a qualitative 
analysis that developed a preliminary 
characterization of HPS based on 
existing data, biotic surveys, and 
contaminant migration pathways and 
exposure routes. Both terrestrial and 
aquatic environments were considered 
in the Phase 1A ERA. 

The quantitative Phase 1 B ERA was 
performed to delineate potential 
gradients of contamination from 
onshore sources to offshore sediments 
and to characterize the risk to aquatic 
wildlife. 

The FS identified; screened, and 
evaluated remedial alternatives for 
clean up of soil and groundwater at 
Parcel E. 

Conclusions/Recommendations 

Sediment data from the offshore investigations to be 
reassessed as part of the Parcel F FS Report. These data 
were not included in the 1997 Parcel E RI Report. 
Terrestrial COPECs (metals, PAHs, PCBs, and DDT) 
identified during the Phase 1 A ERA were adopted and 
refined in the 1997 Parcel E RI Report. 

Following submittal of the Draft Parcel E FS Report in 1998, 
the Navy and regulatory agencies identified additional tasks 
to support the remedial design for Parcel E. These tasks 
were performed as part of data gaps investigations from 
2000 through 2003, and results of these investigations were 
to be used in revised RI and FS reports for Parcel E. 

----------------------------- -----
1999 to 
2000 

Parcel E Validation 
Study and Protective 
Soil Concentrations 
Technical 
Memorandum/TtEMI 
and LFR, 2000a and 
2000b 

The validation study addressed some of 
the uncertainties associated with dose 
calculations (frorri the baseline ERA) 
Additionally, ecological tissue from 
plants; invertebrates, lizards, and small 
mammals was collected and tissue data 
were used to develop site-specific soil 
concentrations that would be protective 
of terrestrial wildlife (referred to as 
PSCs). 
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Results of the Validation Study concluded cadmium, 
copper, lead, nickel, selenium, and zinc posed a potential 

. unacceptable risk to wildlife at Parcel E. PSCs were 
subsequently derived for these chemicals and used to 
evaluate risk to wildlife in the Revised Parcel E RI Report. 

ERRG 



Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California. 

Date(s) 

2000to 
2002 

2001 to 
2002 

2002 

June 2004 
to Present 

Investigation/Source Objective/ Activities 

Groundwater Data 
Gaps 
I nvestigation!TtEM I, 
2001 a and 2004b 

Wetland Delineation 
and Wetland Functions 
Assessment!TtEM I, 
2003 

Standard Data Gaps 
I nvestigation!TtEM I 
2005a 

The GDGI was conducted in three 
phases between 2000 and 2002 to 
update previous assessments of 
groundwater conditions at HPS, 
supplement information gathered during 
the Parcel E RI, and better define the 
extent of groundwater contamination at 
HPS. 

To support the remedial design for 
Parcel E, the Navy conducted a 
wetland delineation and wetland 
functions and values assessment. Two 
wetland areas were identified ·at Parcel 
E: (1) about 3.2 acres of tidal wetlands 
along the shoreline and (2) about 1.3 
acres of inland seasonal freshwater 
wetland that partially overlaps with 
Parcel E-2: 

. . 

The SDGI was conducted to collect 
data to supplement the 1997 RI data 
and further characterize soil at Parcel 
E. Samples were collected from two 
areas in Parcel E: (1) shoreline soils 
and sediments in the area between the 
riprap and the mean tide line and (2) 
onshore soils within Parcel E. 

Basewide Groundwater Monitor groundwater on a quarterly 
Monitoring basis at HPS. 
Program!TtEM I, 2004c 
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Conclusions/Recommendations 

Water level measurements and a tidal study were used to 
refine the Parcel E hydrogeological conceptual model, and 
three rounds of groundwater monitoring was used to 
develop a basewide groundwater monitoring program and 
to refine the nature and extent evaluation presented in the 
Revised RI Report. Additionally, the GDGI Report 
recommended groundwater monitoring be continued at 
HPS. 

The functions and values assessm~nt found that the value 
of these wetlands is low, and the most significant function of 
these wetlands to be seasonal wildlife use for wintering and 
migrating birds. 

SDGI data were used in the Revised Parcel E RI Report to 
identify potential sources areas of contamination, evaluate 
the nature and extent of soil contamination in each 
redevelopment block, and evaluate risk to human health 
and the environment. The data from the SDGI were also 
used to delineate the PCB Hot Spot Area. 

Most locations included in the program exhibited chemical 
concentrations that pose potential risk to humans and 
wildlife. Results for three rounds of sampling (June 2004 
through December 2004) were included in the data set for 
the Revised RI Report. 



• • • 
Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source 

CERCLA Investigations (continued) 

2007 Parcels E and E-2 
Shoreline 
Characterization 
Technical 
Memorandum/SulTech, 
2007a 

Objective/ Activities 

Evaluate if contamination in the Parcels 
E and E-2 shoreline .has migrated or 

· has the potential to migrate to 
sediments in adjacent Parcel F, and 
identify areas within the shoreline that 
pose an unacceptable risk to wildlife. 
Sediment samples were collected along· 
the shoreline areas of Parcels E and E-
2 for analysis of chemicals. 

------
2008 Revised Remedial 

Investigation, including 
HHRAand 
ERA/Barajas & 
Associates, Inc., 2008b · 

Collect additional data to better 
characterize Parcel E to support 
remedy evaluation at the site. To 
address data gaps, additional field 
investigations were performed to gather 
supplementary information needed to 
support the remedy evaluation. 
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Conclusions/Recommendations 

Potential risk is posed to benthic invertebrates, birds, and 
mammals from exposure to metals and total PCBs in 
surface and subsurface sediments along the shoreline. 
Based on these results, source control measures were 
recommended for the Parcel E shoreline, particularly in 
IR-02 Northwest. 

The data and characterization results presented in the 
Revised RI Report are sufficient to reach risk management 
decisions and develop remedial alternatives in the FS 
Report. The HHRA results indicated potential risk to 
humans from exposure to chemicals in soil, groundwater, 
and sediment. Additionally, metals, PCBs, and TPH in 
groundwater have the potential to affect the bay and aquatic 
organisms. 

Based on the RI results, the FS should address areas 
where little or no data are available and uncertainty remains 
in the potential risk associated with exposure to soil, 
groundwater, and sediment by including these areas in the 
FS. Areas evaluated·in the FS for these areas will seek to 
limit or eliminate pathways of exposure to soil, groundwater, 
and sediment to ensure protectiveness of human health and 
the environment. 

ERRG 



Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source 

Radiological Investigations 

1991-1992 Phase I Radiological 
Investigation/PRC, 
1992 . 

Objective/ Activities 

The Phase I investigation was initiated 
to determine and confirm the nature 
and surficial extent of radiu1J1-bearing 
devices in several disposal areas at 
HPS, including Parcel E. A surface 
confirmation radiation survey was also 
conducted that consisted of a waikover 
gamma survey, soil sampling and 
analysis, radon flux testing, and 
groundwater sampling and analysis. 

------··· .,,,, .. 

1993 Phase II Radiological 
Investigation/PRC, 
1996a and 1996b 

1993 
r· 

EPA Study of Parcel E 
Soil/NAVSEA, 2004 

The Phase II investigation delineated 
the subsurface distribution of radium
containing devices in the disposal area 
at IR-02 Northwest and IR-02 Central. 
Activities consisted of excavating 3 
trenches and 34 test pits, performing 
gamma radiation surveys along the 
walls of each excavation, and collection 
of soil samples from locations where 
radium-containing devices were found. 

EPA's National Air and Radiation 
Environmental Laboratory collected and 
analyzed 13 soil samples from IR-02 to 
determine particle size, radionuclide 
distribution, and radionuclide content. 
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Conclusions/Recommendations 

The walkover survey detected elevated gamma activity in a 
centralized area of IR-02 Northwest that extended across 
the IR-02 Central boundary; these results indicated the 
presence of radium-containing devices. The Phase I report 
recommended ( 1) investigation of the subsurface 
distribution of radium-containing devices in soil at IR-02 
Northwest, (2) further evaluation of radiological 

· contamination in groundwater, and (3) removal of a 
combination safe from IR-11/14/15. 

Based on the results of the investigation, it was concluded 
that the disposal area at IR-02 Northwest and IR-02 Central 
was the primary disposal area for all radium-containing 
devices generated at HPS as a result of ship repair and 
maintenance activities. A removal action was 
recommended to address radiological contamination in this 
area. 

Three samples contained elevated levels of radium-226, 
and the remaining 10 samples contained radium-226 at 
concentrations comparable with background. EPA 
concluded that a significant volume of Parcel E soil may 
contain background concentrations of radium-226, and that 
the elevated soil radioactivity indicated that sources had 
released radium into immediately adjacent soil. As a result, 
the report recommended removal of radium sources. 
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Table 2-3. Summary of Previous Environmental Investigations at Parcel E {continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, Caljfornia 

Date(s) Investigation/Source Objective/ Activities 

Radiological Investigations (continued) 

1996-1997. 

1996-1997 

Phase Ill Radiological 
Investigation/ Append ix 
E of TtEMI, LFR, and 
U&A 1997 

Interim Parcel E · 
Radiation Risk 
Assessment/ Append ix 
P ofTtEMI, LFR, and 
U&A, 1997 

The Phase Ill investigation addressed 
concerns about the use, storage, and 
disposal of radioactive materials during 
past NRDL operations at HPS. The 
investigation included (1) locations of 
former Buildings 506 through 510, 
51 OA, 517, and 529 at IR-11/14/15; (2) 
locations of former Buildings 507 and 
508 at IR-38; and (3) the concrete pad 
area outside Building 707 atlR-39. The 
Phase Ill investigation consisted of 
surface gamma walkover surveys and 
collection of soil and swipe samples. 

Evaluated potential risks associated 
with exposure of humans to 
radionuclides detected at Parcel E .. 
The risk assessment evaluated 
exposure and risks to humans under 
future residential and industrial land 
uses at four sites within Parcel E: IR-02 
Northwest, IR~02 Central, IR-02 
Southeast, and IR-11/14/15. 
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Conclusions/Recommendations 

Based on the investigation results, the report recommended 
the following actions: · 

■ Release of former Buildings 507,508,510, and 510A 
for unrestricted public use 

■ 

■ 

■ 

Further investigation and potential excavation at former 
Buildings 509 and 517, where anomalous gamma count 
rates were measured 

Excavation of a potential buried point source behind 
Building 529 

Further investigation of Building 707 and its concrete 
pad to determine the extent of elevated levels of 
radium-226, thorium-228, and thorium-232 

No recommendations were made for Building 506. 

Radium~226 and its radioactive daughters (lead-210 and 
radon-222) were identified as radionuclides of potential 
concern. The sources of these radionuclides are radium
containing devices from ship repair and maintenance 
activities that were disposed of in IR-02 Northwest and IR-
02 Central. Most of the contaminated areas are along the 
shoreline and are slated for open space in San Francisco's 
reuse plan. The most likely receptor along the shoreline 
would be a recreational visitor rather than a resident or 
industrial worker. Further investigation (Phase V) and 
excavation at Parcel E have changed the residual risk in 
this parcel, since this risk assessment was performed. 



Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source Objective/ Activities 

Radiological Investigations (continued) 

1998-1999 

2001 

2002-2003 

Phase IV Radiological 
I nvestigation/TtEM I, 
2000 

Interim Investigation of 
Parcel E 
Shoreline/NAVSEA, 
2004 

Further characterize areas of 
. anomalous gamma count rates at 
Building 707 that were detected during 
the Phase Ill investigation, and collect 
information necessary to support free 
release of the building and its environs 
for industrial use. In total, 38 concrete 
and 38 soil samples were collected 
from the Building 707 concrete pad 
area. 

Characterize gamma radiation levels 
along the Parcel E.shoreline. Gamma 
radiation scans were conducted in 
shoreline areas within approximately 50 
feet of the mean tide line. 

Phase V Radiological At Parcel E, 21. buildings or former 
lnvestigation/NAVSEA, . building locations were evaluated as 
2004 . part of Phase V. Investigation activities 

consisted of conducting surveys and 
collecting samples, and performing 
remedial activities. All surveys (Class I, 
Class 2, and Class 3) were performed 
in accordance with MARSSIM; and 
each site was assessed for potential 
radionuclides of concern. · 
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Conclusions/Recommendations 

Based on sampling results, cesium-137 was the only 
radionuclide that exceeded site-specific background criteria . 
Based on this finding, the Phase IV investigation report 
recommended a CERCLA removal action for the Building 
707 concrete pad. 

Several areas contained gamma radiation at levels 
exceeding background, most notably in the Metal Reef Area 
in IR-02 Southeast. A removal action was· recommended to 
address radioactive materials in this area. 

A Class 3 survey was conducted at most sites, and no 
elevated levels of radioactivity were detected. However, 
historical evidence indicated additional Class 1 surveys 
were needed for adjacent areas. Class 3 survey results at 
three sites (Building 406, former Building 507, and Shack 80 
in IR-11/14/15) indicated soil was contaminated with 
radioactive materials. These sites were cleaned up and 
follow-up Class 1 surveys were performed. Several areas 
with elevated levels of radioactivity were reported. Future 
investigation and cle,;;1n up were recommended for several 
sites, including Building 406; the area around former 
Buildings 506, 520, and 529; the Building 707 concrete pad 
and drains; the Shack 80 site; and IR-04. 
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Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) Investigation/Source Objective/ Activities 

Radiological Investigations (continued) 

2003-2004 Historical Radiological 
AssessmenVNAVSEA, 
2004 

Other Investigations 

2004 TPH Corrective Action 
Program/TtEMI 2002b, 
2004a, Shaw 2007 

HRA evaluated all previous uses of 
radioactive materials at HPS and 
assessed their potential effects on a 
site. Areas were designated as 
"impacted" or "non-impacted" by 
radioactive materials. 

TPH is not included in the definition of 
hazardous substances under CERCLA. 
However, this exclusion only applies to 
TPH contamination that is separate and 
distinguishable from other hazardous 
wastes. Therefore all sites where TPH 
is commingled with CERCLA-regulated 
substances have been addressed 
under the Navy's IR Program process; 
such areas will be included in the final 
remedy selected for Parcel E. 
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Conclusions/Recommendations 

The HRA identified 33 areas in Parcel E as impacted. 
These sites include small areas such as former building 
foundation footprints and fill areas that may contain dials, 
gauges, deck markers, or sandblast waste. The HRA also 
identified basewide utility systems as impacted sites, 
including the underground storm drain and sanitary sewer 
lines. The HRA reported that no radiological contamination 
was suspected in groundwater at Parcel E, except at IR-02 
and areas where storm drains are present; these areas 
have a low potential for groundwater contamination. The 
HRA concluded that further evaluation of the impacted sites 
was required. Impacted areas in Parcel E and areas where 
groundwater contamination is suspected are being 
addressed under the basewide radiological program. 

The corrective action program developed TPH remediation 
criteria in collaborative process including the Navy, the 
SFRWQCB, and CCSF. Following development of the 
criteria, Parcel E was evaluated to identify TPH-affected 
sites and determine whether corrective action was needed. 

Six TPH-impacted areas were excavated in 2004, and 
confirmation results indicated additional excavation was 
necessary to remove residual contamination. TPH data 
throughout Parcel E is being evaluated under the TPH 
corrective action program (Shaw 2009b ). 



Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Notes: 

ACM = asbestos-containing material 

ATT = Aqua Terra Technologies, Inc. 

BERA = Baseline Ecological Risk Assessment 

CAA = corrective action area 

CCSF = City and County of San Francisco 

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act 

COPC = chemical of potential concern 

COPEC = chemical of potential ecological concern 

DDT = dichlorodiphenyltrichloroethane 

DHS = California Department of Health Services 

EMCON = EMCON Associates, Inc. 

EPA= U.S. Environmental Protection Agency 

ERA = Ecological Risk Assessment 

ERM-West = Environmental Resources Management West, Inc. 

ESAP = Environmental Sampling and Analysis Plan 

FS = Feasibility Study 

· GDGI = Groundwater Data Gaps Investigation 

GPR = ground-penetrating radar 

HHRA = Human Health Risk Assessment 

HLA = Harding Lawson Associates, Inc. 

HPS = Hunters Point Shipyard 

HRA = Historical Radiological Assessment 

IAS = Initial Assessment Study 

IR = Installation Restoration 

LFR = Levine-Fricke-Recon 

MARSSIM = Multi-Agency Radiation Survey and Site Investigation Manual 

NAVSEA= Naval Sea Systems Command 

Navy = Department of the Navy 
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NEESA = Naval Energy and Environmental Support Activity 

NRDL = Naval Radiological Defense Laboratory 

O&M = operation and maintenance 

PA= Preliminary Assessment 

PAH = polycyclic aromatic hydrocarbon 

PCB = polychlorinated biphenyl 

PRC = PRC Environmental Management, Inc. 

PSC = protective soil concentration 

RAO = remedial action objective 

RAP = Remedial Action Plan 

RI = Remedial Investigation 

SA = Site Assessment 

SDGI = Standard Data Gaps Investigation 

SFDA = San Francisco DistrictAttorney 

SFRWQCB = San Francisco Regional Water Quality Control Board 

Shaw = Shaw Environmental, Inc. 

SI = Site Inspection 

SVOC = semivolatile organic compound 

SWAQAT = Solid Waste Air Quality Assessment Test 

TCE = trichloroethene 

TPH = total petroleum hydrocarbons 

Triple A= Triple A Machine Shop 

TtEMI = Tetra Tech EM Inc. 

U&A = Uribe and Associates, Inc. 

UST = undeiground storage tank 

VOC = volatile organic compound 

WET = waste extraction test 
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Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued} 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sources: 

Aqua Terra Technologies (ATT), 1991. "Environmental Sampling and Analyses Plan for Hunters Point Annex, San Francisco, California." Volumes I and II. July 31. 

Barajas & Associates, Inc., 2008b. "Final Revised Remedial Investigation Report for Parcel E, Hunters Point Shipyard, San Francisco, California." May 2. 

• 
Battelle Laboratories, 1996. "Field Demonstration Report on Recycling Spent Sandblasting Grit into Asphaltic Concrete, Volume I: Field Demonstration Test Methods, Results, and 

Conclusions." January 11. 

OHS, 1988. "Remedial Action Order, Docket No. HSA87/88-034RA." January 7. 

EMCON, 1987a. "Confirmation Study, Verification Step, Hunters Point Naval Shipyard (Disestablished), San Francisco, California." Volumes 1 through 4. March 19. 

EMCON, 1987b. "Area Study for Asbestos-Containing Material and Organic and Inorganic Soil Contamination, Hunters Point Naval Shipyard (Disestablished), San Francisco, 
California." July 2. 

ERM-West, 1988. "Fence_-to-Fence Hazardous Waste Material Survey, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." July 2. 

HLA, 1988. "Scoping Document, Remedial Investigation/Feasibility Study, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." August 4. 

HLA, 1989a. "Final Draft Solid Waste Air Quality Assessment Test, Hunters Point Annex, San Francisco, California." August 4. 

HLA, 1989b. "Preliminary Assessment Sites PA-12 through PA-18, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." November 16. 

HLA, 1990a. "Reconnaissance Activities Report, Remedial Investigation/Feasibility Studies, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." Volumes 
I, 11, and Ill. August 9. 

HLA, _1990b. "Preliminary Assessment Other Areas/Utilities, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." Volumes 1 and 2. October 19: 

HLA, 1994b. "Final Site Assessment Report, Potentially Contaminated Sites, Parcels B, C, D, and E, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." 
March 25. 

HLA, 1994c. "Draft Final Parcel D Site Inspection Report, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." May 30. 

HLA, 1994d. "Draft Final Parcel E Site Inspection Report, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." July 22. 

NAVSEA, 2004. "Final Historical Radiological Assessment, Volume 11, History of the Use of General Radioactive Materials, 1939 - 2003, Hunters Point Shipyard." Radiological Affairs 
Support Office. August 31. 

NEESA, 1984. "Initial Assessment Study of Hunters Point Naval Shipyard (Disestablished), San Francisco, California." NEESA 13-059. October. 

PRC, 1992. "Surface Confirmation Radiation Survey, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." November 3. 

PRC, 1994. Phase 1A Ecological Risk Assessment, Volume 3: Tasks 4, 5, and 6, Summary Report, Naval Station Treasure Island, Hunters Point Annex~ San Francisco, California." 
July. 

PRC, 1996a. "Draft Technical Memorandum, Radiation Investigation of Tidal Area Surrounding the Bay Area Landfill (IR-02\ Hunters Point Annex, San Francisco, California." 
June 13. 

PRC, 1996b. "Results of Subsurface Radiation Investigation in Parcels Band E, Draft Final Report, Volyme I, Main Report, Appendices A, C, and D." July 12. 

PRC, 1996d. "Phase 1 B Ecological Risk Assessment, Part I, Nature and Extent of Contamination, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." 
September. · 

PRC, 1996e. "Phase 1 B Ecological Risk Assessment, Part II, Risk Characterization, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." November. 

SFDA, 1986. People of California -v- Triple A Machine Shop Inc., et al., Exhibit to People's Memorandum of Points and Authorities in Support of Temporary Restraining Order 
Construction Trust, and Appointment of Receiver filed by Ario Smith, District Attorney, et al., in the Superior Court of the State of California, in and of the City of San 
Francisco. · 

Shaw, 2007. "Final New Preliminary Screening Criteria and Petroleum Program Strategy, Hunters Point Shipyard, San Francisco, California." December 21. 

SulTech, 2007a. "Parcels E and E-2 Shoreline Characterization Technical Memorandum, Hunters Point Shipyard, San Francisco, California." June 29. 
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Table 2-3. Summary of Previous Environmental Investigations at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sources (continued/: 

TtEMI, 2000. "Draft Phase IV Radiation Investigation Report, Hunters Point Shipyard, San Francisco, California." May 15. 

TtEMI, 2001. "Parcel E Information Package Phase II Groundwater Data Gaps Investigation, Hunters Point Shipyard, San Francisco, California." August 10. 

TtEMl~2002: "RevisedDraftPetroleum Hydrocarbons-Corrective Action Plan; Parcels C, D, and E, Hunters Point-Shipyard,- San Francisco, California:" November 22. 

TtEMI, 2003. "Final Parcel E Nonstandard Data Gaps Investigation, Wetlands Delineation and Functions and Values Assessment, Parcels 13 and E, Hunters Point Shipyard, San 
Francisco, California." August 14. · 

TtEMI, 2004a. "Addendum to the Final Petroleum Hydrocarbon Corrective Action Plan, Parcel B, Hunters Point Shipyard, San Francisco, California." April 15. 

TtEMI, 2004b. "Revised Final Parcel E Groundwater Summary Report, Phase 111, Groundwater Data Gaps Investigation, Hunte·rs Point Shipyard, San Francisco, California." May 11. 

TtEMI, 2004c. "Final Sampling and Analysis Plan (Field Sampling Plan and Quality Assurance Project Plan), Basewide Groundwater Monitoring Program, Hunters Point Shipyard, Sa_n 
Francisco." August 20. 

TIEMI, 2005a. "Parcel E Standard Data Gaps Investigation, Data Summary Report, Hunters Point Shipyard, San Francisco, California." March. 

TIEMI and LFR, 1998. "Parcel E Feasibility Study, Draft Report, Hunters Point Shipyard, San Francisco, California." January 15. 

TIEMI and LFR, 2000a. "Draft Final Ecological Risk Assessment Validation Study Report, Parcel E, Hunters Point Shipyard, San Francisco, California." March 14. 

TIEMI and LFR, 2000b. "Draft Final Technical Memorandum, Protective Soil Concentrations, Parcel E, Hunters Point Shipyard, San Francisco, California." March. 

TtEMI, LFR, and U&A, 1997. "Parcel E Remedial Investigation, Draft Final Report, Hunters Point Shipyard, San Francisco, California." October 27. 
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Table 2-4. Summary of Removal Actions at Parcel E 

Date(s) 

1988 

1988 

1991 

1991 to 
1994. 

1991 to 
1995 

1996 to 
1998 

1996 to 
1997 

1996 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Investigation/Source 

Basewide Removal of PCB-Containing 
Electrical Transformers/HLA, 1990b 

Summary of Activities and Recommendations 

Forty-eight transformers were removed from Parcel E and disposed of off site. 

---------------------------,---------
Remo v a I of Soil at IR-08 PCB Spill About 1,255 cubic. yards of soil with PCBs at concentrations exceeding 25 mg/kg was 
Area/ERM-West, 1989 excavated from a PCB spill area, which underlies the southeast portion of Building 

606 at IR-08. Excavation was conducted to depths ranging from 3 to 10 feet bgs from 
an area measuring 50 by 150 feet. 

Removal of Floating Product at 
IR-03/HLA, 1991 

Removal and Closure of ASTs and 
USTs/HLA, 1994 

Sandblast Waste Fixation/Battelle, 
1996 

Sheet-pile wall and low-permeability 
cap installation at the former oil 
reclamation ponds in IR-03/IT 
Corporation, 1999 

Removal of Sediment from the Storm 
Drain System/IT Corp., 1997b 

Removal of Soil from IR-11/14/15/IT. 
Corp., 1997a 

About 25 gallons of floating petroleum product on the water table and 70 gallons of 
subsurface waste oil were recovered at IR-03 to reduce the volume of chemicals that 
could migrate to San Francisco Bay. 

Ten USTs were located in Parcel E: two were closed in place, and eight were 
removed. Parcel E also contained 32 ASTs, including Tank S-505, a 630,000-gallon 
tank at IR-02 Southeast used by the Navy to store diesel and allegedly used by Triple 
A to store PCB-containing waste oil. In total, 12 of 32 ASTs (including Tank S-505) 
were removed. 

More than 4,900 tons of sandblast waste was collected from locations around HPS, 
temporarily stockpiled at Parcel E,·and sent to an asphalt plant for recycling. 

A 900-foot-long sheet-pile wall was installed to a maximum depth of 27 feet bgs at 
IR-03 to reduce the potential for NAPL to migrate from the Waste oil reclamation 
ponds to San Francisco Bay (IT Corporation, 1999). The sheet-pile wall does not 
have a cathodic protection system; therefore, the wall has likely corroded to a point 
that limits its current effectiveness. A geosynthetic clay liner with a 1-foot topsoil layer 
was placed over the area to minimize rainfall infiltration. 

More than 1,200 tons of sediment and debris was removed from storm drain lines 
across HPS, including from storm drain lines in Parcel E, to reduce the potential for 
chemicals to be transported to San Francisco Bay. 

About 36 cubic yards of arsenic- and mercury-contaminated soil was excavated from 
an area east of Building 521 at IR-11/14/15. Excavation was conducted to a depth of 
3 feet bgs from an area measuring 10 by 25 feet. 
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Table 2-4. Summary of Removal Actions at Parcel E (continued) 

Date(s) 

2001 

2002 to 
2004 

2003to 
2004 

2003 to 
2004 

2004 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Investigation/Source 

TCRA for Soil with non-VOCs at IR-08/ 
TtEMI and IT Corp:, 2001 

Waste Consolidation and 
Removal/TtFW, 2004 

Parcel E Shoreline Debris 
Removal/TtFW, 2004 

Removal of Soil Stockpiles from IR-02 
Southeast and IR-73/ITSI and TtEMI, 
2004; TtEMI, 2005b 

Removal of TPH-Contaminated Soil 
from IR-05, IR~36 West, IR-39, and 
IR-73/TPA-CKY Joint Venture, 2005 

Summary of Activities and Recommendations 

About 1,550 cubic yards of PCB- and PAH-contaminated soil was excavated from 
fourremediation areas (RA-'1 through-RA=4fat'IR~08~ · 

Industrial process equipment was decontaminated and waste was consolidated 
throughout Parcel E, including removal of waste material stored in or hear buildings 
and removal or encapsulation of asbestos-containing material. Eight ASTs located at 
Building 521 were also removed. 

Bricks and other industrial debris along the Parcel E shoreline were collected for 
disposal. About 468 cubic yards of non-RCRA hazardous waste debris (poles with 
creosote), about 400 cubic yards of nonregulated nonhazardous debris, and about 
81 tons of recyclable metals were removed. 

A field inventory of soil stockpiles at HPS identified more than 80 stockpiles at 
Parcel E; five of these were located at IR-02 Southeast and IR-73 and were 
designated as having a high priority for removal. The stockpiles were removed and · 
disposed of off site. In total, about 3,000 cubic yards of soil, 150 cubic yards of 
gravel, and 22 cubic yards of other material were removed. 

Six areas at IR-05, IR-36 West, IR-39, and IR-73 were excavated to remove soil 
containing TPH at concentrations exceeding the screening criterion of 3,500 mg/kg. 
More than 13,000 cubic yards of soil was removed from these areas and disposed of 
off site. Residual TPH contamination in these areas, and others in Parcel E, will be 
evaluated under the TPH corrective action program. 
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Table 2-4. Summary of Removal Actions at Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) 

2005to 
2007 

2005to 
2007 

Investigation/Source 

Metal Debris Reef Removal 
Action/TtECI, 2007a 

PCB Hotspot Removal Action/TtECI, 
2007b 

Summary of Activities and Recommendations 

The TCRA at the Metal Debris Reef (in IR-02 Southeast) was performed in 
conjunction with the removal of the Metal Slag Area located in Parcel E-2. The TCRA 
was designed to remove metal slag and debris containing low-level radiological 
material, as well as non-radiological chemical contamination incidental to the removal 
of both areas; collect post-excavation samples; and backfill and restore the shoreline. 
Approximately 11,200 cubic yards of soil, metal slag, and debris was removed from 
the Metal Debris Reef. Low-level radioactive waste removed from the site included 
131 devices and button sources, and 31 cubic yards of metal debris. Results 
indicated the RAOs for radiological materials were achieved and any remaining 
radiological materials at the excavation site are now under a cap of radiologically 
screened soil, thereby eliminating some pathways of exposure to hazardous 
substances for surrounding populations and ecosystems. Nonradiological 
contamination encountered during removal activities was removed. 

The TCRA was designed to remove soils containing PCBs at concentrations 
exceeding 1 mg/kg (from the surface to 3 feet bgs) and 100 mg/kg (deeper than 3 feet 
bgs), TPH at concentrations exceeding 3,500 rng/kg, and radiological materials above 
the radiological removal action goals were removed. The removal action goals also 

. included removal of, to a practical extent, free-phase petroleum hydrocarbons. 
Approximately 44,500 cubic yards of material was excavated from a 3.4-acre 
excavation area, and was transported off site for disposal. Low-level radioactive 
waste removed froni the site included 533 cubic yards of soil and firebrick, 78 cubic 
yards of metal debris, 40 devices and button sources, and 19 pieces of debris, as well 
as two low-level mixed waste drums. Post-excavation results indicated PCB and TPH 
contamination was still present at the PCB Hotspot A~ea. As a result, it is 
recommended that a follow-on removal action or remedial action be conducted to 
address contamination not removed as part of this TCRA. The RAOs for radiological 
materials were achieved for all grids evaluation, leaving no know residual radiological 
contaminants on the bottom or sidewalls of the excavation. However, additional 
radiological mat!:)rials may be found during future excavations and would need to be 
addressed during any work that extends beyond the final excavation boundary. 
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Table 2-4. Summary of Removal Actions at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Date(s) 

2005 to 
·2007 

Investigation/Source 

Removal of Soil at IR-02 Northwest 
and IR-02 CentralArea/TtECI, 2007c 

Summary of Activities and Recommendations 

The TCRA was designed to remove soil containing radiological contamination to . 
prevent migration of-contaminated soil within or off site. Approximately 49,500 cubic 
yards of soil was excavated. Low~level radioactive waste removed from the site 
included 11,840 tons of soil, 2,342 devices and button sources, 420 tons of firebrick, 
1,940 tons of metal debris, and 58 tons of miscellaneous debris (concrete, plastic, 
hoses, and rocks). Results indicated the RAOs for radiological materials were · 
achieved within the boundaries of the IR-02 Northwest and Central excavation. Any 
remaining radiological materials at the excavation site are now under a cap of 
radiologically screened soil, thereby eliminating some pathways of exposure to 
hazardous substances for surrounding populations and ecosystems; at the limit of the 
excavation. Limited non-radiological chemical contamination encountered during the 
TCRA was removed, with most excavated and screened material used as backfill. 

Notes: Most information in this table is compiled from Table 2-2 in the Final Revised RI Report for Parcel E (Barajas & Associates, Inc., 2008) 

AST = aboveground storage tank 

bgs = below ground surface 

HLA = Harding Lawson Associates, Inc. 

HPS = Hunters Point Shipyard 

IR = Installation Restoration 

IT Corp.= International Technology Corporation 

ITSI = Innovative Technical Solutions, Inc. 

mg/kg = milligrams per kilogram 

PAHs = polycyclic aromatic hydrocarbons 

PCBs = polychlorinated biphenyls 

Sources: 

PRC = PRC Environmental Management, Inc. 

RAOs = removal action objectives 

RCRA = Resource Conservation and Recovery Act 

TCRA = time-critical removal action 

TPH = total petroleum hydrocarbons 

TtECI = Tetra Tech EC, Inc. 

TtEMI = Tetra Tech EM Inc. 

TIFW = Tetra Tech Foster-Wheeler, Inc. 

UST = underground storage tank 

VOCs = volatile organic compounds 

Battelle Laboratories, 1996. "Field Demonstration Report on Recycling Spent Sandblasting Grit into Asphaltic Concrete, Volume I: Field Demonstration Test Methods, Results, and 
Conclusions." January 11. 

ERM-West, 1989. "Summary Report, Interim Cleanup of PCB-Contaminated Soils near Former Building 503, Naval Station Treasure Island, Hunters Point Annex, San Francisco, 
California." November 15. 

HLA, 1990b. "Preliminary Assessment Other Areas/Utilities, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California, Volumes 1 and 2." October 19. 

HLA, 1991. "Product Recovery Site Characterization Investigation, Former Oil Reclamation Ponds, Site IR-03, Naval Station Treasure Island, Hunters Point Annex, San Francisco, 
California." May 15. · 

HLA, 1994. "Draft Construction Summary Report, Tank S-505 Removal Action, Naval Station Treasure Island, Hunters Point Annex, San Francisco, California." January 5. 

N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Origirials\Parcel-E_FS\05FinaHables\Table 2-4.doc 

ERRG-6011-0000-0006 Page 4 of 5 

• • 



• • 
Table 2-4. Summary of Removal Actions at Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sources (continued): 

ITSI and TtEMI, 2004. "Draft Stockpile Evaluation Report, Hunters Point Shipyard, San Francisco, _California." February 9. 

IT Corp., 1997a. "Construction Summary Report, Exploratory Excavation Removal Action, EFAWest, Hunters Point Shipyard, San Francisco, California." April. 

IT Corp., 1997b. "Draft Field Summary Report, Storm Drain Sediment Removal Action, Hunters Point Shipyard, San Francisco, California." December. 

IT Corp., 1999. "Final Post-Construction Report, Site IR-03 Waste Oil Reclamaiion Ponds Removal Action, Sheet Pile Containment Barrier, Cap and Soil Cover, Hunters Point Naval 
Shipyard, San Francisco, California." July. 

PRC Environmental Management, Inc. (PRC), 1994. "Draft Summary Report of Phase I and II UST Removals and Closures in Place." July 12. 

TPA-CKY Joint Venture, 2005. "Draft Final Site Closeout Report, Total Petroleum Hydrocarbon Program Corrective Action Implementation, Soil Removal for Parcels B, C, D, and E, 
Hunters Point Shipyard, San Francisco, California." June. 

TtECI, 2007a. "Draft Removal Action Completion Report, Metal Debris Reef and Metal Slag Area Excavation Sites, Parcels E and E-2, Hunters Point Shipyard, San Francisco, 
California." August 17. · 

TIECI, 2007b. "Final Removal Action Completion Report, PCB Hot Spot Soil Excavation Site, Parcels E and E-2, Hunters Point Shipyard, San Francisco, California." October 31. 

TtECI, 2007c. "Final Removal Action Completion Report, Installation Restoration Site 02 - Northwest and Central, Parcel E, Hunters Point Shipyard, San Francisco, California." 
December 12. 

TtEMI, 2005. "Closeout Report, Time-Critical Removal Action for Parcel D Excavation Sites, Hunters Point Shipyard, San Francisco, California." May 13. 

TtEMI and IT Corp.; 2001. "Parcel D Time-Critical Removal Action Closeout Report, Hunters Point Shipyard, San Francisco, California." December 6. 

TtFW, 2004. "Final Post-Construction Report, Decontaminate Process Equipment, Conduct Waste Consolidation, and Provide Asbestos Services in Parcels B, C, D, and E, Hunters 
Point Shipyard, San Francisco, California." November 2. 
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• 
Table 2-5. 

1997 
Redevelopment 

Block 
31A 

• 
Nature and Extent of Chemicals in Soil (0 to 10 feet bgs} 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

2010 
Redevelopment 

Block 
MU-3 

IR Site(s) 
IR-36 North 

Triple A 
Site(s) 
None 

Nature and Extent Summary (with RI Report Reference Citation) 

.......... 1......... . ......... . 
_ __ (pa':!ic31) _____ _ 

The screening process identified no contig~ous areas that exceeded 
Parcel E screening criteria for soil. (Sectiot1:~:1:~.: 1) 

31B/36 MU-2 IR-36 North 
(partial) and IR-

36 South 
(partial) 

None Three areas of elevated chemical concent,:ations were identified 
(Section 4.3.2.3.1 ): 
• North of Building 413: metals, SVOCs,-and TPH (Figures 4.3.2-2, 

4.3.2-3, and 4.3.2-4) 
• South of Building 413: metals, SVOCs, and TPH (Figures 4.3.2-2, 

1 4.3.2-3, and 4.3.2-4) · 
I • West and Northwest of Building 406: SVOCs and voes 

• 

: (Figure 4.3.2-3) · 
----''"'- ------+·-·"" ___ ---+--~~---····· --~--------------

. MU-2, EOS-3, i IR-11/14/15 and 6, 7 The screening process identified no contiguous areas that exceeded 40 

41 

43 

and EOS-4 I IR-38 (partial), Parcel E industrial screening criteria for soil. (Section 4.3.3.3.1) 
' IR-39 (parti_al..,__)-+--------1--------- ___________________ .. ___ _ 

MU-2 and I IR-08 and None The screening process identified no contiguous areas that exceeded 
EOS-4 IR-38 (partial) Parcel E screening criteria for soil. (Section 4.3.4.3.1) 
MU-1 IR-05, IR-13, 5, 15, and Eight areas of elevated chemical concentrations were identified 

IR-36 North unnumbered (Section 4.3.5.3.1 ): · 
(partial), fenced area ■ Western IR-05: PCBs (Figure 4.3.5-5) 

IR-36 South ■ Southeast of IR-05: PCBs (Figure 4.3.5-5) 
(partial), 

IR-36 West, • IR-36 North, west of Building 405: metals and SVOCs 
IR-39 (partial) (Figures 4.3.5-2 and 4.3.5-4) 

• East of Building 704: metals (Figure 4.3.5-2) 
• Between Buildings 371 and 709: metals, SVOCs and TPH 

(Figures 4.3.5-2, 4.3.5-4, and 4.3.5-5) 
• Northwest of Building 709: metals and PCBs (Figures4.3.5-2 and 

4.3.5-5) 
■ South of Building 709: metals, VOCs, SVOCs, and PCBs 

(Figures 4.3.5-2, 4.3.5-3, 4.3.5-4,and 4.3.5-5) 
• IR-13: metals and SVOCs (Figures 4.3.5-2 and 4.3.5-4) 
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Table 2-5. 

1997 
Redevelopment 

Block 
44 

45 

EMl-1 

Nature and Extent of Chemicals in Soil (0 to 10 feet bgs) (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

2010 ' 
Redevelopment i 

Block i IR Site(s) 
MU-1, EOS-1, ! IR-02 Northwest 
. - EOS.a2, . (partial),-
EOS-3, and IR-02 Central 

EOS-5A (partial), 

MU-3, EOS-
5B, and 
EOS-5C 

EOS-3 and ' 
EOS-4 

IR-12 (partial), 
IR-39 (partial) 

IR-04, IR-12 
(partial), 

IR-56, IR-72 

IR-02 Central 
(partial), IR-02 

Southeast 
(partial), 

IR-11/14/15, 
IR-38 (partial), 
IR-40, IR-54, 

IR-73 

Triple A 
Site(s) 

3,4, 17, 19 

3 

6, 7, 12, 13, 
17 

Nature and Extent Summary (with RI Report Reference Citation) 
Three areas of elevated chemical concentrations were identified (Section 

•- 4:3.6,3,1): --- -- -- -~ - ~ - - " 

• Northern portion of Redevelopment Block 44: metals, SVOCs, and 
PCBs (Figures 4.3.6-2, 4.3.6-4, and 4.3.6-5) 

• Central portion of Redevelopment Block 44: metals, VOCs, and TPH 
(Figures 4.3.6-2, 4.3.6-3, and 4.3.6-5) 

• Southern portion of Redevelopment Block 44:metals and SVOCs 
(Figures 4.3.6-2 and 4.3.6-4) 

Five areas of elevated chemical concentrations were identified 
(Section 4.3. 7.3.1 ): 
• Area northwest of Building 809: metals and SVOCs (Figures 4.3.7-2 

and 4.3.7-3) 
• Area northwest of Building 810: metals, SVOCs and pesticides 

(Figures 4.3.7-2, 4.3.7-3 and 4.3.7-4) 
• Area south of Building 810: metals and PCBs (Figures 4.3.7-2 and 

4.3.7-4) 
• Area northeast of Building 810: metals and SVOCs (Figures 4.3.7-2 

and 4.3.7-3) 
• · Southern border of Redevelopment Block 45:TPH (Figure 4.3.7-4) 
Eight areas of elevated chemical concentrations were identified 
(Section 4.3.8.3.1 ): 
• Northwest of Building 521: metals and PCBs (Figures 4.3.8-2 and 

4.3.8-4) 
• Northeast of Building 521: SVOCs (Figure 4.3.8-3) 
• West of Building 521: PCBs (Figure 4.3.8-4) 
• Southeast of former Building 506: PCBs (Figure 4.3.8-4) 
• East of former Building 510: metals (Figure 4.3.8-2) 
• West of former Building 514: metals (Figure 4.3.8-2) 
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Table 2-5. 

1997 
Redevelopment 

Block 
EMl-1 (cont.) 

EOS-1 

EOS-2 

EOS-3 

• • Nature and Extent of Chemicals in Soil (0 to 10 feet bgs) (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

2010 
Redevelopment Triple A 

Block IR Site(s) Site(s) Nature and Extent Summary (with RI Report.Reference Citation) 
EOS-3 and IR-02 Central · 6, 7, 12, 13, ■ Northern corner of IR-73: SVOCs and TPH (Figures 4.3.8-3 clnd 

EOS-4 (partial), IR-02 17 4.3.8-4) 
Southeast ■ Southwest of former Building 518: TPH (Figure 4.3.8~4) 
(partial), 

IR-11/14/15, 
IR-38 (partial), 
IR-40, IR-54, 

IR-73 
EOS-1 and · IR-02 Northwest 2, 14, 17, 18 Four areas of elevated chemical concentrati.ons were identified 

EOS-2 (partial) and (Section 4.3.9.3.1 ): 
IR-02 Central ■ Northern portion of Block EOS-1: metals, SVOCs, PCBs, and TPH 

(partial) (Figures 4.3.9-2,4.3.9-3, and 4.3.9-4) 
■ Southwest of Building 600, former firing range an.d area south of firing 

range: metals, SVOCs, and PCBs (Figures 4.3.9~2, 4.3.9-3, and 
4.3.9-4) 

■ South of Building 600: metals and SVOCs (Figures 4.3.9-2, 4.3.9-3) 
■ Southeast of Building 600 (southeastern portion of Block EOS-1 ): 

metals, SVOCs, and PCBs (Figures 4.3.9-2, 4.3.9-3, and 4.3.9-4) 
EOS-3 IR-02 Central 17 The screening process identified concentrations of.chemicals throughout 

(partial), IR-03 Redevelopment Block EOS-2 that exceeded Parcel E screening criteria, 
including metals, SVOCs, PCBs, and TPH (Section 4.3.10.3.1; 
Figures 4.3.10-2, 4.3.10-4, and 4.3.10-5) _.,.. 

EOS-4 IR-02 Central 13, 17 Two areas of elevated .chemical concentrations were identified 
(partial), (Section 4.3.11.3.1 ): 

I R-02 Southeast • ■ Central portion of Redevelopment Block EOS-3, in the area south of 
(partial) the bermed area: metals, SVOCs, and PCBs (see Figures 4.3.11-2, 

4.3.11-3, and 4.3.11-5) 
■ Southern portion of Redevelopment Block EOS-3:. metals, SVOCs, 

pesticides, PCBs, and dioxin/furaris (see Figures 4.3.11-2, 4.3.11-3, 
4.3.11-4, and 4.3.11-5) 
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Table 2-5. Nature and Extent of Chemicals in Soil (0 to 10 feet bgs} (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

1997 2010 
Redevelopment Redevelopment Triple A 

Block Block IR Site(s) Site(s) Nature and Extent Summary (with RI Report Reference Citation) 
EOS-4 N/A IR-52 (partial), None The screening process identified no areas that exceeded Parcel E 

---·---

I~~-~? (partial)- screening criteriaefor soil. (SE3_~tion 4.3.12) - - ~ 
--·--·---·-· --·-- -·· ····-· -··-·--·----- ·-·---- -----· --·--·--·--- -·· .. ------- ---- ·---~-----·----

EOS-5 Railroad IR-52 (partial) None The screening process identified no contiguous areas that exceeded 
Right-of-Way Parcel E screening criteria for soil. However, at one isolated boring 

location (IR52B009) six SVOCs exceeded industrial screening criteria. 
(Section 4.3.13) 

Notes: Information from Final Revised Remedial Investigation Report for Parcel E (Barajas & Associates, 2008b) 

IR= Installation Restoration 

PCBs = polychlorinated biphenyls 

SVOCs = semivolatile organic compounds 

TPH = total petroleum hydrocarbons 

VOCs = volatile organic compounds 
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• 
Table 2-6. Statistical Summary of Soil Data in 0.98-Acre Area Mov_ed to Parcel E, 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

• 
Analyte 

Group Chemical 

Number of Number of Detections/ 

Analyses Detections Analyses (%) 

HPAL 
(mg/kg) 

Parcel E Residential 

Screening Criteria 
(mg/kg) 

Maxiumum 
Detected Cone. 

(mg/kg) 

Detects Greater 
than HPAL (%) 

Detects Greater than 
Residential Screening 

Criteria(%) 
NQndetects Greater 

than HPAL (%) 

Nondetects Greater than 
Residential Screening 

Criteria (%) 

METAL Aluminum 13 13 100% NA 73,000 22,000 NA 0% NA NA1 
METAL Antimony 13 6 46% 9.05 10 409 67% 67% 0% · 0% ----
METAL Arsenic 13 9 69% 11.1 0.038 12.63 11% 100% 0% 100% 
METAL Barium 13 13 100% 314.4 7,500 320 8% 0% NA1 NA1 ___ _ 
METAL Beryllium 13 4 31% 0.71 140 0.49 0% 0% 22% 0% 

---METAL Cadmium 13 4 31% 3.14 3.5 12 50% 50% 0% 0% 
METAL Calcium 13 13 100% NA NA 9,991 NA NA NA NA 
METAL ChrCJf!lium, Total 13 13 100% 81.0-1,589.3 90,000 759.70 31% 0% NA1 NA1_· ___ _ 
METAL ChromiumVI 23 1 4% NA 17 1,000 NA 100% NA 100% 
METAL Cobalt 13 13 100% 16.3-152.9 900 112 0% 0% NA1 NA1 
METAL CoJ:)per 13 12 92% 124.3 160 3,161 42% 33% 0% 0% 
METAL g)'anide 1 0 0% NA NA NA NA NA NA NA 
METAL Iron 13 13 100% NA 22,000 139,925 NA 85% NA NA1 
METAL Lead 13 11 85% 8.99 155 6,915 64% 55% 0% 0% 
METAL Magnesium 13 13 100% NA NA 212,000 NA NA NA NA 
METAL Manganese 13 13 100% 1431.2 840 1,271 0% 54% NA1 NA1 
METAL Mercury 13 6 46% 2.28 1.6 47 33% 33% 0% 0% ___ _ 
METAL Molybdenum 13 4 31% 2.68 76 47 75% 0% 22% Oo/~------
METAL Nickel 13 13 100% 71.8-5,299.8 300 2,067 8% 77% NA1 NA1 
METAL Potassium 13 9 69% NA NA 1,980 NA NA NA NA 
METAL Selenium 13 0 0% 1.95 140 NA NA NA NA NA ---•----N• 
METAL Silver 13 4 31% 
METAL Sodium 13 7 54% 
METAL Thallium 13 0 0% 

1.43 
NA 

0.81 

50 
NA 
5 

1.36 
655 
NA 

0% 
NA 
NA 

0% 
NA 
NA 

11% 
NA 
NA 

0% 
NA 
NA 

METAL Vanadium 13 13 100.:..0:.:1/o ___ .:..1.:..17:..·.:::2 _____ 6:..5;__ _____ .:::2.c.09.;:__ _____ 8:..0;.:;1/o ______ __;;3_1:..o/ccco _______ __;.N.c.A.:..1'--_______ N_A_1 __ _ 
-METAL Zinc 13 13 100% 109.9 37_0 ______ 4~,_10_5~ 38% 38% ___ N_A_1 _______ __;.N..c.A.:..1 ___ _ 

PEST Aroclor-1260 13 7 54% NA 2.1 0.18 NA 0% NA 0% 
-SVOC 2-Methylnaphthalene 13 8% NA 150 0.1 NA 0% NA 0% 

SVOC 3,3-0ichlorobenzidine 13 0 0% NA 0.008 NA NA NA NA NA 
--SVOC 4-NitrCJphenol 13 ..c:.0 ____ 0.:..0/c"'o ___ ......:..N.:..A'--____ 0:..·.=.29 ______ __;.N.:cA.;_. ____ .:..N.:..A'----------'-'N:..A'---------'Nc.::A_;_· -------'-N"-A'-----

SVOC Acenaphthylene 13 8% · NA 3,700 0.1 NA 0% NA 0% 
SVOC Anthracene 13 1 8% NA 22,000 0.05 NA 0% NA 0% 
SVOC Be,:,~[~]anthracene 13 3 23% NA 0.37 0.2 NA 0% NA 40% 
SVOC Benzo[a]J:)y~ene 13 2 15% NA 0.037 0.239 NA 100% NA 100% 

0.34 0.7 NA 67% NA 80% SVOC Benzo[~]fiuoranthene 13 3 23% 
-SVOC Benzo[g,b_J]perylene 13 2 15% 

NA 
NA 

---- ------=-----
1,600 0.376 

--------,, --------------"~~~--- -----
NA 0% NA 0% 

SVOC Benzo[~]fluoranthene 13 8% NA 0.34 
SVOC Fluor.anthene 13 3 23% NA 2,000 
SVOC lndeno[}_:3_,3-cd]J?yrene 13 2 -~-5~- __ N_A _____ o_.3_5 __ 
SVOC n-Nitrosodinpropylamine 13 O 0% · NA 0.0002 
SVOC n-Nitrosodiphenylamine 13 o 0% NA 0.68 

-SVOC NaJJhthalene 13 2 15% NA 1.7 
SVOC Pentachlorophenol 13 o 0% NA 2.6 
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NA 

NA 
NA 
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NA 
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Table 2-6. Statistical Summary of Soil Data in 0.98-Acre Area Moved to Parcel E(continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Analyte Number of Number of Detections/ 
Group Chemical Analyses Detections Analyses (%) . 

[S~Daia from'.O to10 feet1Jg~(conim~1Jj~· \ ' 
SVOC Phenanthrene 13 4 31% 

HPAL 
(mg/kg) 

Parcel E Residential 
Screening Criteria 

(mg/kg) 

Maxiumum 
Detected Cone. 

(mg/kg) 
Detects Greater 
than HPAL (%) 

Detects Greater than· 
Residential Screening 

Criteria (%) 
Nondetects Greater 

than HPAL (%) 

Nondetects Greater than 
Residential Screening 

Criteria (%) 

SVOC Pyrene 13 3 23% NA 2,300 0.6 NA 0% NA 0% 
fSojfDatifG;e~iitertfiaW10"fefit bgsT·-~ =:·=··-~:',. _,~,,~~>:" ·-T,, ". ➔ •-.·,-.:.;=- . -~r1~- ,. ""~~'=•~"~"""Ci"'""'~" ~""-i"¥'' "'· ·-·::'½c"""·~·,,,,=--c"':-·~--,~- "f Pl'9:"'·=~;.,2c:: --~--~ ~J--~,_,; .~;;,,;. . .,.~.'.C:._,j 

METAL Chromium VI _ ______ 14 0 0% NA 17 NA NA NA NA NA 
SVOC 1,2,4-Trichlorobenzene 14 1 7% NA NA 0% 68 0.044 NA 0% 
SVOC 3,3-Dichlorobenzidine 14 O 0% NA 0.008 NA NA NA 
SVOC 4-Nilrophenol 14 0 0% NA NA NA 0.29 NA NA NA 
SVOC Benzo[a]anthracene NA NA NA 14 0 0% 0.37 NA NA NA 
SVOC Benzo[?.]r:>yrene NA NA NA 14 0 0% 0.037 NA NA NA 
SVOC Benzo[!)]fluoranthene NA NA NA 14 0 0% 0.34 NA NA NA 
SVOC Benzo[k]fluoranthene NA NA NA 14 0 0% 0.34 NA NA NA 
SVOC Dibenz[a,h]anthracene NA NA NA ____ _ 

-SVOC Dibenzofuran____ NA NA 0% 
14 0 0% 0.058 NA NA NA 
14 7% 150 0.207 NA 0% 

--SVOC Fluorene NA NA 0% 14 1 7% 2,700 0.744 NA 0% 
eno[1.2,3-cd]pyrene NA NA NA 
itros~pylamine NA NA NA 

14 0 0% 0.35 NA NA NA 
14 0 0% 0.0002 NA NA NA 

itro_sodiphef!ylamine NA NA NA 14 0 0% ------- 0.68 NA NA NA 
phthalene NA NA NA 14 0 0% 1.7 NA NA NA 

14 0 0% C Pentachlorophenol NA NA NA 2.6 NA NA NA 
14 7% C Phenanthrene NA NA 0% 22,000 1.45 NA 0% 

Notes: 

µg/L; microgram per liter 

BHC ; benzene hexachloride 

Cone. = concentraUon 

DDT ; dichlorodiphenyltrichlroethane 

HPAL = Hunters Point ambient level 

mg/kg ; milligrams per kilogram 

NA ; not applicable 

NA 1 ; not applicable; chemical detected in all samples 

PEST ; pesticide 

TPH ; total petroleum hydrocarbon 

TRPH ; total recoverable petroleum hydrocarbons 

voe = volatile organic compound 
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Table 2-7 . Soil Concentrations Exceeding Residential Screening Criteria in 0.98-Acre Area Moved to Parcel E 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Residential 
Depth Concentration Screening Criteria 

Location ID Sample Date (feet bgs) Analyte . (rrig/kg) (mg/kg) Exceedance Ratio 
IR01SS350 6/30/1992 0.5 Antimony . 14.3 10 · 

· l1':i!!~Q1 SS~5.0 !'. . 1"~Ji·6/30/~:~92f~:C . ··•:i;?~lr:-:)~"":'Afq~60 """:,"";tt""'rc..,.r""',:;~-- ··r~1i\}f'"::i,1•1~1W~-JlfflE0:2;1 . 
IR01SS350 6/30/1992 0.5 · Benzo(b)fluoranthene 0.37 0.34 
IR01SS350 6/30/1992 0.5 Copper 414 160 2.6 
IR01SS350 6/30/1992 0.5 Lead 514 155 3.3 
IR01SS350 6/30/1992 0.5 Vanadium 209 117.2 1.8 
IR01 SS350 6/30/1992 0.5 Zinc 839 370 2.3 
IR04B004 10/22/1991 1.75 Lead 307 J3 155 2.0 
IR04B004 10/22/1991 26.25 Copper 168 160 1.1 
IR04B007 10/16/1991 1.75 Lead 441 -·,15_5 2.8 
IR04B007 10/16/1991 1. 75 Zinc 560 370 1.5 

10.2 J3 10 1.0 

!'fc:~1 ~o4so~ 5~1;:.~,,,,.,j 01241199:1 ;;~~,£1i:~__,_"'ll ... i: .. 1---? .... 5,..l~""I~"'"'i~_w•""'ti_·,_•, •. .;.. •. ___ ~~'""'""'""-'-"'""""-"-·--;·: .... J_F,~i3""':"",1-6~6 ... ;~"":Mi'""'i:r"""ir""~•'.'"'";".""";""':c_;;" ... 1~5-5_.·::""~""''it""f .. i:i""',\_·.,, ... ;',"'I-'""I __ 11\"'"~~ ... 12-9_,!ti .... ;:'"":1ii.;.'::.-... i ... ~;;;..··"..;.;d 
IR04B015 10/24/1991 1.25 5.09 J3 2.28 2.2 

"'7Ro,fso15 10/24/1991 --1.-:,-2,::-5-----=,--~-----=-2-=-,5=70-----,,-~------,6,-.9---

4B030' "/6/,16/;]992 ·· 
,'"-~•.9 • 

6/16/1992 
IR04B030 6/16/1992 1.25 

'. . ]RQ4B030 i < . •·,· ~lll3/,16/1992i<e'lc~~l'~::1 :?5 w;:q:.;~{iljf~~~-~ijC~ee~r .• ril"'2: .• j :;_,,!.~fr398 ~:"'~;Ji:~i., 160; :i(.~4k'.ti''' "¥v a, 15:1J?"7 
IR04B030 16/1992 1.25 Iron 139,925 58,000 2.4 

Anti 
Aroclor-1260 0.381 ____ o=.21 -,-,-,-,~ 1.8 

~1•j~l~04B030~'0~~~. 6/f61:1992 •\.: ' •.. · ... 2:,7,5,;,,; .· .. ·. : •;'Coppe~~~~:\ :,-~C"-',. 3,.16~~•''' . . ... 1ecrt&11;:/'s•i: ,::J·:~j;~~9:81frE?-- J 
IR04B030 6/16/1992 2.75 Lead 514.3 155 3.3 
IR04B030 6/16/1992 2. 75 Zinc 963.6 370 2.6 

Notes: 

Samples containing concentrations exceeding screening criterion by greater than 5 times are highlighted in gray 

bgs = below ground surface . 

J3 = compound is estimated because accuracy was exceeded in matrix spike, blank spike, or surrogate spike 

mg/kg = milligrams per kilogram 
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• Table 2-8. Statistical Summary of Groundwater Data in 0.98-Acre Area Moved to Parcel E 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

• • 
Nondetects Nondetects 

Vapor Surface Maxiumum Detects Detects Greater Detects Greater Nondetects Greater than Greater than 
Detections/ Intrusion Water Detected Greater than than Vapor than Surface Greater than Vapor Intrusion Surface Water 

Analyte Number of Number of Analyses HGAL Criteria Criteria Cone. HGAL Intrusion Criteria Water Criteria HGAL Criteria Criteria 
Group Chemical Analyses Detections (%) (µg/L) (µg/L) (µg/L) (µg/L) (%) (%) (%) (%) (%) (%) 
METAL Aluminum 27 4 15% NA NA NA 246 NA NA NA NA NA NA ------_M_E_T_A_L ____ A_n_t_im_o_ny _______ 2,_7 ____ 6 ___ 2'-20 __ ¼ ___ 4_3_._26 ___ N_A ____ N_A_. ___ 2_5 ____ O_o/c.,...o _____ N...,.A,-_____ N...,.A,-____ o.,.,o/c..,.o ____ ...,N.,.A NA 
METAL Arsenic 30 28 9....:3..:.0/4-'-o ----=2'-7 __ .3_4 ___ N"--A---___ 3_;6 ____ 2c..4_4 ____ 8_9-'-o/c __ o ____ .,..N_A _____ ....,8.,...9°,....Yo ____ ,..,O_¾ _____ N...,.A ____ -:,O°...,.Yo __ 

_ M_E_TA_L ____ Barium 27 27 100% 504.2 NA NA 1,320 7% NA NA NA1 NA NA 
METAL ___ BeryJllum _ ... ______ ?7 _____ o ____ O°_1/o ____ 1_.4 _____ N_A NA NA NA NA NA NA NA . NA 

· METAL Cadmium 27 2 7% 5.08 NA 8.8 4 0% NA 0% 0% NA 0% 
METAL Calcium 11 11 100% NA NA NA 139,000 NA NA NA NA NA NA 
META_L __ -'C'-h'-ro'--m'-i-"u"-m"-'-T-'--otcc..a_l ____ 2_7 ____ 7 ____ 2_6° __ 1/o ___ 1_5_.7 ___ .,.,N_A ____ ...,N,..,A ____ 6...,..O.,...8 ____ O,..,0.,.1/o~---.......,-,NA-:--. ______ NA _____ O_o/c_o _____ N_A _____ NA 
METAL Chromium VI 11 0 0% NA NA 50 NA NA NA NA NA NA NA 
METAL Cobalt ----'-27------6------'22-'-0-'-1/0 ____ 2_0_-8 ____ ~- NA 36 17% NA NA -0-0/4-o-'----N-A _____ NA 

METAL _____ Coprier 27 4 15% 28 NA 3.1 6.59 0% NA 25%. 0% NA 70% 

METAL Cyanide 19 0 0% NA NA 1 10 NA NA NA NA NA NA 
METAL Iron 11 6 55% 2,380 NA . NA 353 0% NA NA 0% NA . NA--
METAL Lead 27 3 11% 14.4 NA 8.1 6.96 0% NA 0% 0% NA 0% -=----·· --------·--··---··-:-----·.,-----~:.,:,...-...,........:...:,'-'-----'-=-,:..-.---=,:.,:.---~:.::.;:.----"-:'-=-----'~CC..-----~------:-=-:~----',-:':'------:-:':'---

--M-'-ET_A_L ___ .c..lVl._§lgnesium 11 11 100% 1,440,000 NA NA 716,000 0% NA NA NA1 NA NA 
_M_ET_A_L_· ___ M_a_ng_anese 27 27 100% 8,140 NA NA 3,870 0% NA NA NA1 NA NA 
_M_ET_A_L ____ ~_ercury ______ 27 _________ 4_0/4_o ____ N_A ____ N_A ____ O_.O_2_5_· ___ O_.3_4 ____ N __ A _____ N_A ______ 1_O_O% ----'N-"-A-'-------'-N'-A---____ O% 
_M_ET_A_L ____ M_olybdenum 8 2 25% 61.9 NA NA 18 0% NA NA 0% NA ----'-NA 

METAL Nickel 30 11 37% 96.5 NA 8.2 147 9% NA 82% 0% NA 0% 
METAL Potassium 11 11 100% 448,000 NA NA 29,500 0% NA NA NA1 NA NA 
METAL Selenium 27 4 15% 14.5 NA 71 11 0% NA 0% 0% NA 0% -METAL ___ ....=.cSc....ic....lv'-eC....r"------~27'----'-----'-4'-o/c-'-o---7-.4 __ 3 ___ N-'A----0--.3-8 ____ 2_""'2-5 ____ O __ o/c __ o ____ .,..N_A ______ 1_00-o/c'~o----O--,o/c_o _____ N_A _____ O% 

METAL Sodium 11 11 100% 9,242,000 NA NA 1,820,000 0% NA NA NA1 NA NA 
METAL Thallium 27 0 0% 13 NA· 426 NA NA NA NA NA NA NA 
METAL Vanadium 8 4 50% 26.6 NA NA 7.1 0% NA NA 0% NA NA 

....,M--,E'"'TA_L ____ -'-z--in'-c-'-------27 ____ 2 ____ 7% 75.7 NA 81 5.6 0% NA 0% 0% NA 0% 
PEST 4,4-DDD ·---27 ___ 0--·· 0% NA----N--A----0-.0·0--1---N-'-A ____ N_A _____ N.,..A ______ N_A _____ N,...A-. - NA ------,N-A __ _ 

-'-P--=E-'-s'"'T----4-'-'.-'-4-'-D-'-D;..;E'-------'27 0 0% NA NA 0.001 NA NA NA NA NA NA NA 
_P_E_S_T ____ ~4,--4_-D_D_T ______ 27 ____ O ____ O_0/4_o ___ N_A _____ N_A ____ 0_.0_0_1 ___ N_A ____ N_A _____ NA ______ N_A _____ NA ______ N_A _____ N_A 

PEST Aldrin 27 ___ o_ 0% _NA ____ NA _____ o_._26 ____ N_A ____ NA _____ N_A ______ N_A_ NA NA _____ N_A __ 
-PEST alp'-h-'-a--C""'h--lo'--r--da'--n-'-'e'-___ 2_7 ____ O __ -_-_·_··--_o_o/c-'-·o·_-_-_ .. __ NA ____ NA ____ o_.O_O_4 ___ N_A ____ N_A _____ N...,.A ______ N_A _____ N_A _____ N_A __ ---__ N,.,.A __ _ 

PEST Aroclor-1O16 27 0 0% NA NA 0.03 NA NA NA NA NA NA NA 
_P_E_S_T ____ A_r_oc_lo_r_-1_2_2_1 _____ 27 ____ O ____ O% N..;:A...;_ __ --Nc.;;A...;_ __ __;oc;..O:;..:3c...... __ ..:.N.:;.A_;._ __ ........;N.:;_A_;__ ___ ........;N.:;_A_;__ ____ -'-N'--A'--____ N;.cA-'-------'N-"-A-'-___ -'N--A--'-_ 

PEST Aroclor-1232 27 . 0 0% NA NA 0.03 NA NA NA NA NA NA NA 
-=p:-::E:-::s=T:--.,-----,A,-r-oc...,.lo-r--1-2_4_2 _____ -=27=-------,o.------,,0% _____ N"'A---...,.N,..,A,--- ...,0....,.0...,.3----,-N,-,A----,-N-,-,A,------cN.,-,A,------.....,.-;NA NA NA ----NA __ _ 
-=p:-::Ec-,Sc::Tc---c---A,...r-oc...,.lo-r--1-2-4.,.8-----.,.-27=------,0,-·-----,0.,,.o/c.,...o -----,N_,.A,-----N--:--A,-----0-.0....,3,-----,-N.,..,A,-------,N.,.A,----- NA NA NA NA NA 

PEST Aroclor-1254 27 0 0% NA NA 0.03 NA NA NA NA NA NA NA 
PEST Aro.-"c'-'lo-'-r-..:.12:c.;6;.;:O ____ 27 0 0% NA NA 0.03 NA NA NA NA NA . NA NA 
PEST Dieldrin 27 _o ____ o_0_¼ ____ N __ A ____ NA 0.0019 NA NA NA NA NA NA NA 

-·PEST- Endosulfan I 27 0 0% NA NA 0.0087 NA NA NA NA NA NA NA 
-PEST Endosulfan II 27 0 0% NA NA 0.0087 NA NA NA NA NA NA NA 

PEST Endrin 27 0 0% NA NA 0.0023 NA NA NA NA NA NA NA 

-N-\Pro-jec_ts_l2_005_Pr_oje_c_\sl25---04-9_-Navy-_-H-PS-.E--2.-R-l-f-SIB-_Ori-.~--n-,ls-\Pan:-cl--E_-FS-\05-Fl-na-nT,-W-esl-Ta-Wa-2--8_-St-,t,-~G-W-_xls-,---------------------------------------------.,;,_- ---~:i 
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Table 2-8. Statistical Summary of Groundwater Data in 0.98-Acre Area Moved to Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Non detects Non detects 
Vapor Surface Maxiumum Detects Detects Greater Detects G realer Non detects Greater than Greater than 

Detections/ Intrusion Water Detected Greater than than Vapor than Surface Greater than Vapor Intrusion Surface Water 
Analyte Number of Number of Analyses HGAL Criteria Criteria Cone. HGAL Intrusion Criteria Water Criteria HGAL Criteria Criteria 
Group Chemical Analyses Detections (%) (µg/L) (µg/L) (µg/L) (µg/L) (%) (%) (%) (%) (%) (%) 

PEST Lindane 27 0 0% NA NA 0.032 NA NA NA NA NA NA NA 
PEST HeJ)tachlor 27 0 0% NA NA 0.0036 NA NA NA · NA NA NA NA 
PEST Heptac_t,lor Epoxide 27 0 0% NA NA 0.0036 NA NA NA NA NA NA NA 
PEST Methoxychlor 27 0 0% NA NA 0.03 NA NA NA NA NA NA NA 
PEST Tol<_<'IJ)hene 27 0 0% NA NA 0.0002 NA NA NA NA NA NA NA 
PEST gamma-Chlordane 16 0 0% NA NA 0.004 NA NA NA NA NA NA NA 
PEST Diazinon 19 1 5% NA NA NA 0.024 NA NA NA NA NA NA 
svoc 1,2,4-Trichlorobenzene 27 0 0% NA 66 129 NA NA NA NA NA NA NA 
svoc. 1,2-Dichlorobenzene 27 0 0% NA 2,600 129 NA NA NA NA NA NA NA 
svoc 1,3-Dichlorobenzene 27 0 0% NA 1,300 129 NA NA NA NA NA NA NA 
svoc 1,4-Dichlorobenzene 27 0 0% NA 2.1 129 NA NA NA NA NA NA NA 
svoc 2,'.1-Dl!litrophenol 27 0 0% NA NA 970 NA NA NA NA NA NA NA 
svoc 2.4-Dinitrotoluene 27 0 0% NA NA 118 NA NA NA NA NA NA NA 
svoc. 2,6-Dinitrotoluene 27 0 0% NA NA 118 NA NA NA NA NA NA NA 
SVOC 2-Chloronai:ihthalene 27 0 0% NA NA 1.5 NA NA NA NA NA NA NA 
svoc 2-Methy_l_n2 phthalene 27 0 0% NA 710 NA NA NA NA NA NA NA NA 
svoc 2-Nitrophenol 27 0 0% NA NA 970 NA NA NA NA NA NA NA 
svoc 4,6-Dinitro-2-methylphenol 27 0 0% NA NA 970 NA NA NA NA NA NA NA .. 
svoc 4-Nitrophenol 27 0 0% NA NA 970 NA NA NA NA NA NA NA 
svoc Acenaphthene 27 0 0% NA 33,000 710 NA NA NA NA NA NA NA 
svoc AcenaJ?.!:!!!}ylene 27 0 0% NA NA 60 NA NA NA NA NA NA NA 
svoc Anthracene 27 .0 0% NA 390,000 60 NA NA NA NA NA NA NA 
svoc Benzo[a.]anthracene 27 0 0% NA NA 60 NA NA NA NA NA NA NA 
svoc Benzo[a.]l:iyrene 27 0 0% NA NA 60 NA NA NA NA NA NA NA 
svoc Benzo[~]fluoranthene 27 0 0% NA NA 60 NA NA NA NA NA NA NA 
svoc Benz,2[9.,_l"!J]~!)'lene 27 0 0% NA NA 60 NA NA NA NA NA NA NA 
SVOC Benz2[~]fluoranthene 27 0 0% NA NA 60 NA NA NA NA NA NA NA 
svoc Buty_l_b~~y)phthalate · 27 0 0% NA NA 3.4 NA NA NA NA· NA NA NA 
svoc Chrysene 16 0 0% NA NA 60 NA· NA NA NA NA NA- NA 
svoc Dibenz;[a,1_t,]anthracene 27 0 0% NA NA 60 NA NA NA NA NA NA NA 

svoc Dibenzofuran 27 0 0% NA 13,000 NA NA NA NA NA NA NA NA 
svoc Dielh}'.!phlhalate 27 0 0% NA NA 3.4 NA NA NA NA NA NA NA 
svoc Dimethyl Phthalate 27 0 0% NA NA 3.4 NA NA NA NA NA NA NA 

·svoc· Di-n-But-y:lphthalate 27 0 0% NA NA 3.4 NA NA NA NA NA NA NA 
svoc Di-n-OctyJphthalate 27 0 0% NA NA 3.4 NA NA NA NA NA NA NA 
svoc Fluoranthene 27 0 0% NA NA 16 NA NA NA NA NA NA NA 
svoc Fluorene 27 0 0% NA 44,000 60 NA NA NA NA NA NA NA 
svoc Hexachlorobenzene 27 0 0% NA NA 129 NA NA NA NA NA NA NA 
svoc Hexachlqrobutadiene 27 0 0% NA NA 6.4 NA NA NA NA NA NA NA 
svoc Hexachlorocyclopentadiene 27 0 0% NA NA 1.4 NA NA NA NA NA NA NA 
svoc Hexachloroethane 27 0 0% NA NA 188 NA NA NA NA NA. NA NA 
SVOC lrideno[1,213-cdJe;i:rene 27 0 0% NA NA 60 NA NA NA NA NA NA NA 
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• • Table 2-8. Statistical Summary of Groundwater Data in 0.98-Acre Area Moved to Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

• 
Nondetects Nondetects 

Vapor Surface Maxiumum Detects Detects Greater . Detects Greater Nondetects Greater than Greater than 
Detections/ Intrusion Water Detected Greater than than Vapor than Surface Greater than Vapor Intrusion Surface Water 

Analyte Number of Number of Analyses HGAL Criteria Criteria Cone. HGAL Intrusion Criteria Water Criteria HGAL Criteria Criteria 
Group Chemical Analyses Detections (%) (µg/L) (µg/L) (µg/L) (µg/L) (%) (%) (%) (%) (%) (%) 

SVOC lsophorone 27 0 0% NA NA 2,580 NA NA NA NA NA NA NA 
SVOC Naphthalene 27 0 0% NA 3.6 470 NA NA NA NA NA NA NA 
SVOC Nitrobenzene ----,2..,,7,-----0----0-0-:-¼----,,N.,..A,_----,-,N.,..A ___ 1_,_3_3-6=======N-A ----,,N.,..A,_------N-A-------,-N,.,A _____ N_A _____ NA.,------,,N.,..A:----
SVOC n-Nitrosodimethylamin_e ___ 1_9 ---0,_-----0°'-;,----,N.,..A,.. -····--N-A-- 660,000 NA NA NA NA --'--N'-A'------N-A-----. .,..N-A--

SVOC n-Nitrosodinpropyiamine 27 0 0% NA NA 660,000 NA NA NA NA NA NA NA 
SVOC n-Nitro_sodil)henylamine 27 0 0% NA NA 660,000 NA NA NA NA NA NA _____ N_A __ _ 
SVOC Pentachlorophenol 27 0 0% NA NA 7.9 NA NA NA NA NA NA NA 

SVOC Phenanthrene 27 0 0% NA 190,000 60 NA NA NA NA ___ Nc...A ________ --,N_A-------,N.,..A.,--~ 
-svoc Phenol 27 0 0% NA ------:~~N_..,,.A_-_-_-_-_-_-__ 1-,_1-6:o'----_-_-_-_-_N-=.A-=--=--=--=--=--=--=--=-=N_A ----·'-'N'-A'--_____ N_A ____ -'-N"-A'------'-N'-A---,-----,-N...,,A __ 
-SVOC Pyrene 27 0 0% NA 230,000 60 NA NA NA NA NA NA NA 

TPH TPH-purgeable unknown 27 4 15% NA NA 20,000 69 NA ·NA 0% NA NA 0% 
TPH Diesel-range Organics 27 13 ____ 4_8°_1/o ___ N_A ____ N_A ___ 2_0~,0_0_0 ____ 1 ~•2_0_0 ____ N_A ______ N_A _______ 0_¾ _____ N_A_ NA _____ 0_0/c_o __ 
TPH TPH-extractable unknown 2 1 50% NA NA 20,000 2,100 NA NA 0% NA NA 0% 
TPH Motor oil-range Organics 18 7 39% NA . NA 20,000 480 NA NA 0% NA NA _o...,°!c_o __ 
TPH TPH-oil and Grease 22 5 23%. NA NA 20,000 12,000 NA NA 0% NA NA 0% 

. TP_H ____ O_i_l a_n_d_G_re_a_se _____ 2 0 ___ 0.c..0'-'1/o ______ N..cA-'----'-N'-A'--_ __;;2-'0-",0'.:0..:c0 __ ___;N..cA...:.... ___ ..c.N.c.A.c._ _____ c..;N:..cA'--------'-N'-A'-------'-N"-A.;.._ ____ ce..Nc...A;__ ____ N:...A;__ __ 
-VOC 1,1,1-Trichloroetha.rie ___ 34 0 ___ 0_¾ ____ N_A ____ 3~,1.00 6,240 NA ____ N_A ______ N_A _______ N_A _____ NA ___ N_A _____ N_A __ _ 

voe 1,1,2,2-Tetrachloroethane 34 0 0% NA NA 1,804··· NA NA NA NA NA NA NA 
voe 1,1,2-Trichloroethane 34 0 0% NA 4 NA NA NA NA NA NA N,.,A-----:-:N-:-A--
voe 1,1-Dichloroethane 34 3 9% NA 6.5 NA 2 NA 0% NA NA 0% NA 

_V'-O"'-"'C __ __;_1, 1-Di_c;hloroethene 34 0 0% ___ N:..;.A;__ __ __;_19.c..0:..._ __ 4;...4,,_8:..:0:..:0'---__ N:..;.A;__ ______ N..cA...:.... ____ .;..:N::..A'-. ____ __;_N.c.A.c....... ___ _;N.;.:A..:_ ___ ___cNA'-------'-N'-A'---
VOC 1,2,4-Trichlorobenzene 22 0 0% NA 66 129 NA NA NA NA NA NA NA 
VOC 1,2-Dichlorobenzene 26 0 0% NA 2,600 129 NA NA NA NA NA . NA:------.,-.,Nc:cA--
voe 1,2-Dichloroethane 34 0 0% NA 2.3 22,600 NA NA NA NA NA NA NA 
voe 1,2-Dichloroethene, Total 8 2 25% NA 21 o 44,800 4.0 NA 0% 0% NA 0% 0% 

_v...,o'--c'-----"1,=2-Dichloroprop3ne ____ 34 ____ o ___ -..c0:...% ___ .c..,N;...A ___ N_A_ __3..:.1,02_49'-'o'--. ----'-N"-A-'-------'--'-'NA _____ NA;__ ____ -',.NN;...AA;__ ___ _;.N.c.A.;.._ ____ N_A____ __;Nc..A __ _ 
VOC 1,3-Dichlorobenzene __ __c2c..6'--___ 0 ____ cc.0°'"'1/o'-----'N_

0
A----_____ 1"",3'-'0---0_ ---"::.:....---'-N'-A'--___ Nc.c..A NA NA NA NA 

VOC 1,4-Dichlorobenzene 26 1 4% NA 2.1 129 0.2 NA O:c.%'-------'-o"'"o;."'"o-----'N-"A-'------0~:0:..c1/o------'o-"0;.-'o--

voe 2-Butanone 15 2 13% NA NA NA 20 NA NA NA NA NA NA 
voe 2-Hexanone 11 9% NA NA NA 20.0 NA NA NA NA NA NA 
voe 4-Bromofluorobenzene 4 4 100% NA. NA NA 25 NA NA NA NA NA NA 

-VOC ___ 4 __ -M-eth')'.l::_2_:pentanone 15 2 13% NA 520,000 NA 20.0 NA 0%------,-,N-,-A ______ N_A _____ 0_0/4-o------,-N,.,A--
VOC Acetone 15 2 13°/4.,..o ----,-N,...,A----,-N~A-· ----,N.,..A ____ 2_0 ____ N_A ______ N_A'-------N-A--,----N-A ______ N __ A------,-N,-,A--

-VOC Benzene 34 3 9% NA 0.37 700 2.7 NA 33% 0% NA 97% 0% 
-VOC Bromochloromethane 3 0 0% NA NA 6,400 NA NA NA NA NA NA NA vi:5'c. Bromodichloromethane 34 0 0% NA NA 6,400 NA NA NA ______ N_A ______ N_A ______ N_A ______ N_A __ 
-v'-o"""'c __ ...;c.:..::'-"-CB..Cr;c;o::..:m;c;o.c.cfo~r""m=.:::.:..:.:::__ _ ___::34 ____ 0 _____ 0% NA NA 6,400 NA NA NA NA NA NA ______ NA--
__,,V...,,O::-:cC ___ ..,.B_ro_m_om-c--e_th_a_n~e ____ 3....,4,-----0-· ____ 0_0:...1/o ____ N_A ____ 1_9_· ___ 6_,,_40'-0'------N-"A-'------'-N"-A-'----___ __..:.NA-'--------'N---A-'-____ N:..cA:..cc... ____ .c..cNc..A;__ ____ N...,A_'--_ 

voe Carbon Disulfide 15 1 7% NA 560 NA 0.29 NA 0% NA NA 0% NA 
voe Carbon Tetrachloride 34 0 0% NA 0.046 6,400 NA NA NA NA NA NA NA 

-VOC Chlorobenzene 34 0 0% NA 390 129 NA NA NA __ N_A ______ N_A _____ N_A·------N-A--

·-voc Chloroform 34 1 3% NA 0.7 6,400 0.19 NA 0% 0% NA 27% 0% 
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Table 2-8. Statistical Summary of Groundwater Data in 0.98-Acre Area Moved to Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Vapor Surface Maxiumum 
Detections/ Intrusion Water Detected 

Analyte Number of Number of Analyses HGAL Criteria Criteria Cone. 
Group Chemical Analyses Detections (%) (µg/L) (µg/L) (µg/L) (1,19/L) 
voe Chloromethane 34 0 0% __ . _ NA 92· . 6,400 NA 
voe cis-1,2-Dichloroethene 26 2 8% NA 210 44,800 0.58 
voe Dibromochlororriethane 34 0 0% NA NA 6,400 NA 

voe Dibromofluoromethane 4 4 100% NA NA NA 26.1 
-voe Dichlorodifluoromethane 21 0 0% NA NA 6,400 NA 

voe Ethylbenzene 34 0 0% NA 3,100 86 NA 
voe lsop!SJJ;>Ylbenzene 6 0 0% NA 8 NA NA 
voe Methyl Teri-Butyl Ether 26 0 0% NA NA 8,000 NA 
voe Methylene Chloride 34 0 0% NA NA 6,400 NA 
voe Naphthalene 5 0 0% NA 3.6 470 NA 
voe Styrene 15 0 0% NA 9,000 NA NA 
voe Tetrachloroethene 34 3 9% NA 0.54 450 5.43 
voe Toluene 34 3% NA 1400 5,000 0.3 
voe trans-1,2-Dichloroethene 26 0 0% NA 180 44,800 NA 
voe Trichloroethene 34 3 9% NA 3 400 0.17 
voe Trichlorofluoromethane 25 0 0% NA 180 NA NA 
voe ____ Vinyl Chloride 34 0 0% NA 0.028 NA NA 

voe· · Xylene, o- 6 0 0% NA 340 NA NA 
voe X~lenes, Total 34 1 3% NA 340 NA 1.5 

Notes: 

µg/L = microgram per liter 

BHC = benzene hexachloride 

Cone. = cor concentration 

DOT = dichlorodiphenyltrichlroethane 

HGAL = Hunters Point groundwater ambient level 

NA = not applicable 

NA 1 = not applicable; chemical detected in all samples 

PEST = pesticide 

TPH = total petroleum hydrocarbon 

TRPH = total recoverable petroleum hydrocarbons 

VOC = volatile organic compound 
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Nondetects Non detects 
Detects Detects Greater Detects G realer Nondetects Greater than Greater than 

G realer than than Vapor than Surface Greater than Vapor Intrusion Surface Water 
HGAL Intrusion Criteria Water Criteria HGAL Criteria Criteria 

(%) (%) (%) ·(%) (%) (%) 

NA NA NA NA NA NA 
NA 0% 0% NA-- 0% -0% 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA 67% 0% NA 23% 0% 
NA 0% 0% NA 0% 0% 
NA NA NA NA NA NA 
NA 0% 0% NA 23% 0% 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA 

NA ____ 

NA 0% NA NA 0% NA 

--~~-} 
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• Table 2-9. Groundwater Analytical Results for VOCs, March 2005 to November 2009 . 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sample Location Sample 1,1-DCE 'Benzene Chloroform Naphthalene PCE lCE 
ID No. ID No. Date Aguifer (1,19/L) (!;!9/L) !l:!!:JIL) !1:!!l'L! l!:!91L! l!:!91L! 

05118050 IR02MW126A 03/17/2005 A 0.5 0.78 0.5 10 0.2 J 0.19 J 

05268049 IR02MW126A 06/29/2005 A <0.5 LI 2 <0.5 u 8.9 J <0.5 LI <0.5 LI 

0538A043 IR02MW126A 09/23/2005 ·A <0.5 LI 1.7 <0.5 u 20 <0.5 u <0.5 LI 

06021033 IR02MW126A 01/10/2006 A <0.5 u <0.5 LI 22 0.37 J 0.25 J 

0611J035 IR02MW126A 03/17/2006 A <0.5 LI <0.5 u <0.5 LI <10 LI 0.25 J 0.2 J 

0623D040 IR02MW126A 06/06/2006 A <0.5 LI 0.57 <0.5 u <10 LI 0.19 J 0.21 J 

06498043 IR02MW126A 12/06/2006 A. <0.5 u <0.5 LI <0,5 LI <10 LI 0.23 J 0.29 J. 

0709W026 IR02MW126A 02/28/2007 A <0.5 LI 0.37 J <0.5 u <10 u 0.17 J <0.5 LI 

0720J051 IR02MW126A 05/14/2007 A <0.5 LI 0.75 <0.5 LI <10 u <0.5 LI <0.5 u 
0732J005 IR02MW126A 08/10/2007 A <0.5 LI 0.75 <0.5 LI <10 LI <0.5 LI <0.5 u 
0740W013 IR02MW126A 10/03/2007 A <0.5 LI 0.62 <0.5 u <10 u <0.5 LI <0.5 u 
0808E010 IR02MW126A 02/21/2008 A <0.5 LI 0.54 <0.5 LI <10 u <0.5 LI <0.5 LI 

0817H036 IR02MW126A 04/21/2008 A <0.5 u 0.78 <0.5 LI <10 u <0.5 LI 0.16 J 

05118041 IR02MW141A 03/14/2005 A <0.5 LI <0.5 u <0.5 u NA <0.5 LI <6~ 
05118044 IR02MW147A 03/15/2005 A <0.5 LI <0.5 LI <0.5 u NA <0.5 u <0.5 LI 

05118045 IR02MW147A 03/15/2005 A <0.5 LI <0.5 u <0.5 LI NA <0.5 LI <0.5 LI 

0526M052 IR02MW147A 06/29/2005 A <0.5 u <0.5 LI <0.5 LI NA <0.5 LI <0.5 u 
05381028 IR02MW147A 09/22/2005 A <0.5 LI <0.5 LI <0.5 LI NA <0.5 LI <0.5 LI 

06021037 IR02MW147A 01/12/2006 A <0.5 LI <0.5 u <0.5 LI NA <0.5 LI <0.5 LI 

0612J041 IR02MW147A 03/21/2006 A <0.5 LI <0.5 LI <0.5 LI NA <0.5 LI <0.5 u 
0623D037 IR02MW147A 06/05/2006 A <0.5 LI . <0.5 LI <0.5 u NA <0.5 u <0.5 u 
0636D042 IR02MW147A 09/07/2006 A <0.5 u <0.5 u <0.5 LI NA <0.5 LI <0.5 LI 

0649B030 IR02MW147A 12/07/2006 A <0.5 u <0.5 LI <0.5 u NA <0.5 u <0.5 u 
0709L015 IR02MW147A 02/28/2007 A <0.5 LI <0.5 LI <0.5 LI NA <0.5 LI <0.5 LI 

• 0720B001 IR02MW147A 05/17/2007 A <0.5 LI <0.5 u <0.5 LI NA <0.5 LI <0.5 U 

0732J006 IR02MW147A 08/10/2007 A <0.5 u. <0.5 LI <0.5 u NA <0.5 u <0.5 u 
07408019 IR02MW147A 10/05/2007 A <0.5 LI <0.5 u <0.5 LI NA <0.5 LI <0.5 u 
0810E051 IR02MW147A 03/04/2008 A <0.5 u <0.5 u <0.5 LI NA <0.5 LI <0.5 LI 

08178029 IR02MV\/147A 04/22/2008 A <0.5 u <0.5 LI <0.5 u NA <0.5 u <0.5 u 
05112023 IR02MW175A 03/17/2005 A <0.5 u <0.5 u <0.5 u NA <0.5 LI <0.5 u 
05112024 IR02MW175A 03/17/2005 A <0.5 LI <0.5 u <0.5 LI NA <0.5 LI <0.5 LI 

0721J065 IR02MW175A 05/21/2007 A <0.5 LI <0.5 u <0.5 u NA <0.5 u <0.5 LI 

0732W010 IR02MW175A 08/10/2007 A <0.5 LI <0.5 u . <0.5 u NA <0.5 LI <0.5 u 
0740W007 IR02MW175A 10/02/2007 A <0.5 LI <0.5 u <0.5 LI NA <0.5 LI <0.5 u 
0808D008 IR02MW175A 02/21/2008 A <0.5 LI <0.5 u <0.5 u NA <0.5 u <0.5 LI 

0817D033 IR02MW175A 04/21/2008 A <0.5 LI <0.5 LI <0.5 LI NA <0.5 LI <0.5 u 
05118049 IR02MW209A 03/17/2005 A <0.5 LI <0.5 u <0.5 LI NA <0.5 LI <0.5 LI 

05258036 IR02MW209A 06/24/2005 A <0.5 u <0.5 LI <0.5 u NA <0.5 u <0.5 LI 

05258037 IR02MW209A 06/24/2005 A <0.5 LI <0.5 u <0.5 u NA <0.5 u <0.5 LI 

05391036 IR02MW209A 09/26/2005 A <0.5 LI <0.5 LI <0.5 u NA <0.5 u <0.5 LI 

0602H051 IR02MW209A 01/12/2006 A <0.5 u <0.5 LI <0.5 LI NA <0.5 u <0.5 u 
0611H036 IR02MW209A 03/17/2006 A ·-<0.5 LI <0.5 LI <0.5 u NA <0.5 u <0.5 LI 

0623P048 IR02MW209A 06/05/2006 A <0.5 LI <0.5 u <0.5 u NA <0.5 LI <0.5 u 
0636B016 IR02MW209A 09/06/2006 A <0.5 LI <0.5 u <0.5 LI NA <0.5 LI <0.5 u 
0636B017 IR02MW209A 09/06/2006 A <0.5 LI <0.5 LI <0.5 u NA <0.5 LI <0.5 LI 

06498049 IR02MW209A 12/08/2006 A <0.5 LI <0.5 u <0.5 u NA <0.5 u <0.5 LI 

06498050 IR02MW209A 12/08/2006 A <0.5 LI <0.5 u <0.5 u NA <0.5 LI <0.5 u 
0708L006 IR02MW209A 02/22/2007 A <0.5 LI <0.5 u <0.5 u NA <0.5 u <0.5 LI 

0720J057 IR02MW209A 05/16/2007 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0732W009 IR02MW209A 08/10/2007 A <0.5 LI <0.5 u <0.5 u NA <0.5 u <0.5 LI 

0740W008 IR02MW209A 10/02/2007 A <0.5 LI <0.5 u · <0.5 u NA <0.5 u <0.5 LI 

0808H012 IR02MW209A 02/21/2008 A <0.5 u <0.5 u <0.5 LI NA <0.5 LI <0.5 u 
0817E036 IR02MW209A 04/22/2008 A <0.5 u <0.5 LI <0.5 LI NA <0.5 u <0.5 u 
05112021 IR02MW300A 03/15/2005 A NA NA NA 10 NA NA 
0720J061 IR02MW301A 05/18/2007 A NA NA NA <10 LI NA NA 

• -07320009 IR02MW301A 08/10/2007 A <0.5 u <0.5 u <0.5 LI <10 u <0.5 LI <0.5 u 

N: \Projects\2005 Projects\25-049 _Navy_ HPS _E • 2_RI-F SIB_ Originals\Parcel-E_F S105Final\T ables\ Table 2-9 _rev 1.xls 
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Table 2-9. Groundwater Analytical Results for voes, March 2005 to November 2009 (continued) • Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sample Locat_ion Sample 1,1-DCE Benzene Chloroform Naphthalene PCE TCE 
ID No. ID No. Date Aguifer (µg/L) !l:!S'L) !l:!S'L) (µg/L) !l:!S'L) !l:!S1L) 

0740D007 IR02MW301A 10/02/2007 A <0.5 U <0.5 u <0.5 u <10 u <0.5 U <0.5 u 
0808D007 IR02MW301A 02/21/2008 A <0.5 U <0.5 u <0.5 u <10 U . <0.5 u <0.5 U 
08178023. IR02MW301A 04/21/2008 A <0.5 U <0.5 U <0.5 U <10 U <0.5 u <0.5 u. 
05118047 IR02MWB-3 03/15/2005 A <0.5 U <0.5 u <0.5 u 10 <0.5 u <0.62 U 
08308033 IR02MW373A 7/23/2008 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 u 
05108025 IR03MW218A2 03/10/2005 A <0.5 u 7.4 <0.5 U NA <0.5 u <0.5 u 
05268039 IR03MW218A2 06/27/2005 A <0.5 U 7.4 <0.5 u NA <0.5 u <0.5 U 
0538A027 IR03MW218A2 09/21/2005 A <0.5 U 7.6 <0.5 U NA <0.5 u <0.5 U 
0602H042 IR03MW218A2 01/10/2006 A <0.5 U 9 <0.5 u NA <0.5 u <0.5 U 
0623T023 IR03MW218A2 06/08/2006 A <0.5 u . 8.2 <0.5 u NA <0.5 u <0.5 U 
0636D036 IR03MW218A2 09/06/2006 A <0.5 U 14 <0.5.U NA <0.5 u <0.5 u 
0650B043 IR03MW218A2 12/12/2006 A <0.5 U 7.3 0.81 NA <0.5 U <0.5 u 
0709L012 IR03MW218A2 02/27/2007 A <0.5 u 12 J '<0.5 u NA <0.5 U <0.5 u 
07198001 IR03MW218A2 05/10/2007 A <0.5 u 7.6 <0.5 U NA <0.5 U <0.5 U 
0734D035 IR03MW218A2 08/21/2007 A <0.5 u 10 J <0.5 U NA <0.5 u <0.5 u 
07410035 IR03MW218A2 10/08/2007 A <0.5 U 11 <0.5 u NA <0.5 U <0.5 u 
0810D051 IR03MW218A2 03/04/2008 A <0.5 U 6.6 J <0.5 u NA <0.5 U <0.5 u 
0823H060 IR03MW218A2 06/04/2008 A <0.5 u 5.4 <0.5 u NA <0.5 U <0.5 u 
05112018 IR03MW224A 03/15/2005 A <0.5 U <0.5 u <0.5 U 10 <0.5 u <0.5 u 
05268044 IR03MW224A 06/28/2005 A <0.5 U <0.5 u <0.5 u 10 <0.5 u <0.5 U 
05268045 IR03MW224A 06/28/2005 A <0.5 u <0.5 U <0.5 U 10 <0.5 u <0.5 U 
0538T029 IR03MW224A 09/22/2005 A <0.5 u <0.5 u <0.5 U <10 u <0.5 u <0.5 U 
0602V032 IR03MW224A 01/10/2006 A <0.5 U <0.5 U <0.5 u <10 u <0.5 U <0.5 u 
0611S013 IR03MW224A 03/14/2006 A <0.5 u <0.5 U <0.5 U <10 u <0.5 u <0.5 U 
0623P049 IR03MW224A 06/06/2006 A <0.5 U <0.5 u <0.5 u <10 U <0.5 U <0.5 u • 0634G007 IR03MW224A 08/25/2006 A <0.5 u <0.5 U <0.5 u <10 U <0.5 U <0.5 u 
0649B038 IR03MW224A 12/08/2006 A <0.5 u <0.5 U <0.5 u <10 u <0.5 U <0.5 u 
0709G047 IR03MW224A 02/28/2007 A <0.5 U <0.5 U <0.5 u · <10 u <0.5 U <0.5 u 
0720W046 IR03MW224A 05/18/2007 A <0.5 u <0.5 U <0.5 U <10 U <0.5 u <0.5 U 
0734H057 IR03MW224A 08/20/2007 A <0.5 u <0.5 u <0.5 U <10 U <0.5 u <0.5 U 
0740D024 IR03MW224A 10/04/2007 A <0.5 U <0.5 u <0.5 u <10 U <0.5 U <0.5 u 
0809E022 IR03MW224A 02/27/2008 A <0.5 u <0.5 u <0.5 u <10 U <0.5 u <0.5 U 
0817E029 IR03MW224A 04/21/2008 A <0.5 U <0.5 u <0.5 u <10 U <0.5 U <0.5 u 
0510G026 IR03MW342A 03/10/2005 A <0.5 U 0.17 J3 <0.5 u 10 0.43 J3 <0.5 u 
0526G043 IR03MW342A 06/28/2005 A <0.5 u <01.5 u <0.5 u 10 0.18 J <0.5 u 
0538A028 IR03MW342A 09/21/2005 A <0.5 U 3 <0.5 u <10 u <0.5 U <0.5 u 
0602H043 IR03MW342A 01/10/2006 A <0.5 u <0.5 u <0.5 U <10 U 0.66 <0.5 u 
0602H044 IR03MW342A 01/10/2006 A <0.5 U <0.5 u <0.5 u <10 U 0.6 <0.5 u 
0611S012 IR03MW342A 03/14/2006 A <0.5 U <0.5 U <0.5 u <10 U 0.32 J <0.5 u 

· 0622S011 IR03MW342A 06/01/2006 A <0.5 U 0.31 J . <0.5 U <10 U 0.26 J 0.23 J 

0636D037 IR03MW342A 09/06/2006 A <0.5 u 2.6 <0.5 u <10 u <0.5 u 0.46 J 

0636D038 IR03MW342A 09/06/2006 A <0.5 u 2.3 <0.5 u <10 u <0.5 u 0.43 J 

0650W041 IR03MW342A 12/11/2006 A <0.5 u 0.17 J <0.5 u <10 U 0.98 0.42 J 
0708L005 IR03MW342A 02/22/2007 A <0.5 U 0.16 J <0.5 u <10 U 0.3 J 0.61 
0720G016 IR03MW342A 05/15/2007 A <0.5 U 1.7 <0.5 u <10 U <0.5 u 0.46 J 

0735W059 IR03MW342A 08/27/2007 A <0.5 U 2.4 <0.5 U <10 u <0.5 u <0.5 u 
0741G024 IR03MW342A 10/08/2007 A <0.5 u 4 <0.5 u <10 u <0.5 U 0.18 J 

0809D031 IR03MW342A 02/28/2008 A <0.5 u <0.5 u <0.5 u <10 U 0.62 0.64 
0817E034 IR03MW342A 04/22/2008 A <0.5 u 0.78 <0.5 u <10 U <0.5 U 0.43 J 

0509G009 IR04MW13A 03/03/2005 A 30 <0.5 u 0.18 J NA 47 47 
0526T039 IR04MW13A 06/27/2005 A 24 <0.5 U 0.16 J NA 36 40 
0537T010 IR04MW13A 09/15/2005 A 41 <0.5 U 0.27 J NA 67 54 
0537T011 IR04MW13A 09/15/2005 A 46 <0.5 u 0.31 J NA 81 68 
0602D039 IR04MW13A 01/11/2006 A 29 <0.5 u 0.16 J NA 42 48 
0611J032 IR04MW13A 03/16/2006 A 22 <0.5 u <0.5 u NA 50 43 

-0611.fo3·3 IR04MW13A 03/16/2006 A 22 <0.5 U <0.5 u NA 47 43 • 
N:\Projects\2005 Projects\25-049 _Navy_ HPS _ E • 2_ R I-F SIB_ Originals\Parcel-E_ FS\05Finall Tables\ Table 2-9 _ rev 1.xls --~,., 
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• Table 2-9. Groundwater Analytical Results for VOCs, March 2005 to November 2009 (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sample Location Sample 1,1-DCE Benzene Chloroform Naphthalene PCE TCE 
ID No. ID No. Date Aguifer !f:!f!IL) !!!g/L) !!!f!ll) !!!f!'L) !!!f!ll) l!!f!ll) 

0622T013 IR04MW13A 05/31/2006 A 64 <0.5 u <0.5 u NA 37 46 
0649D036 1 IR04MW13A 12/07/2006 A 42 <0.5 U 0.26 J NA 63 62 
07088030 IR04MW13A 02/21/2007 A 35 <0.5 U 0.17 J NA 52 52 

-- 0719W020 IR04MW13A 05/10/2007 A 26 <0.5 U 0.21 J NA 49 43 
0734D031 IR04MW13A 08/20/2007 A 42 <0.5 u 0.23 J NA 56 57 
07410034 IR04MW13A 10/08/2007 A 61 <0.5 U 0.24 J NA 71 65 
0809H025 IR04MW13A 02/27/2008 A 21 <0.5 u 0.092 J NA 28 44 
0830H028 IR04MW13A 7/22/2008 A 33 <0.5 U · 0.25 J NA 57 57 
0912N016 IR04MW13A 3/16/2009 A 22 <0.2 U 0.12 J <1.2 U 40 44 
0916P013 IR04MW13A 4/16/2009 A 23 0.73 J <0.2 U <0.5 U 33 44 
20091111 IR04MW13A 11/11/2009 A 33 <0.5 U 0.19 J <0.5 U 20 58 
08368019 IR04MW31A 9/4/2008 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 u 
0841H014 IR04MW31A 10/8/2008 A <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 u 
0913W055 IR04MW31A 3/24/2009 A <0.5 u <0.2 u <0.2 U NA <0.3 U <0.5 u 
0916H004 IR04MW31A 4/14/2009 A <0.5 U <0.2 u <0.2 U NA <0.3 u <0.5 U 
0928W014 IR04MW31A 7/7/2009 A <0.5 u <0.2 U <0.2 u NA <0.3 U <0.5 U 
0941H020 IR04MW31A 10/5/2009 A <0.5 u <0.2 u <0.2 u NA <0.3 U <0.5 u 
05098004 IR04MW36A 03/02/2005 A <0.5 U 0.36 J <0.5 u NA <0.5 u <0.5 u 
0524T014 IR04MW36A 06/16/2005 A <0.5 U 0.33 J <0.5 U NA <0.5 U <0.5 u 
0536T003 IR04MW36A 09/08/2005 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 U 
0601T023 IR04MW36A . 01/05/2006 A <0.5 u <0.5 U <0.5 U NA <0.5 U <0.5 U 
0612H046 IR04MW36A 03/22/2006 A <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 U 
0622T012 IR04MW36A 05/31/2006 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 u 

. 06488018 IR04MW36A 11/28/2006 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 U 

• 07088038 IR04MW36A 02/22/2007 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 u 
0718J007 IR04MW36A 05/01/2007 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0734H071 IR04MW36A 08/23/2007 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 u 
0741N003 IR04MW36A 10/08/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 u 
0809D012 IR04MW36A 02/25/2008 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 u 
0830H031 IR04MW36A 7/22/2008 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 u 
0912W027 IR04MW36A 3/16/2009 A <0.5 U <0.2 u <0.2 U <0.3 u <1.2 u 0.17 J 

0511R053 IR04MW37A 03/17/2005 A <0.5 u <0.5 U <0.5 u NA <0.5 u <6.2 u 
0526M049 IR04MW37A 06/28/2005 A <0.5 u <0.5 U <0.5 u NA <0.5 U 3.2 J3 

0539T040 IR04MW37A 09/26/2005 A <0.5 U <0.5 u <0.5 U NA <0.5 u 3.7 
0601T025 IR04MW37A 01/05/2006 A <0.5 U <0.5 U 0.18 J NA <0.5 U 13 

-0611T032 IR04MW37A 03/17/2006 A <0.5 u <0.5 U <0.5 u NA <0.5 u 7.5 
0623M026 IR04MW37A 06/06/2006 A <0.5 U <0.5 u <0.5 u NA <0.5 U 2.9 
0649W034 IR04MW37A 12/07/2006 A <0.5 U <0.5 u <0.5 U NA <0.5 u 4 
0708L002 IR04MW37A 02/20/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 U 7.8 
0718A004 IR04MW37A 05/02/2007 A <0.5 u <0.5 u <0.5 U NA <0.5 u 3.5 
0734J056 IR04MW37A 08/23/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 U 5.3 J 

0740W017 IR04MW37A 10/03/2007 A <0.5.U <0.5 u <0.5 U NA <0.5 U 4.4 
0809P007 IR04MW37A 02/26/2008 A <0.5 u <0.5 u <0.5 U NA <0.5 U 8.5 
08238046 IR04MW37A 06/03/2008 A <0.5 u <0.5 u <0.5 U NA <0.5 U 5.5 
08298018 IR04MW37A 7/18/2008 A <0.5 U <0.5 U <0.5 u NA <0.5 u 6 
0841H016 IR04MW37A 10/8/2008 A <0.5 u <0.5 u <0.5 U NA <0.5 U 3.3 
0911B027 IR04MW37A 3/13/2009 A <0.5 U <0.2 U <0.2 u. NA <0.3 U 1.9 
0916P002 IR04MW37A 4/14/2009 A <0.5 u <0.2 u <0.2 U NA <0.3 u 8.4 
0928W012 IR04MW37A 7/7/2009 A <0.5 U <0.2 u 0.067 J NA <0.3 u 5.4 
0941H021 IR04MW37A 10/5/2009 A <0.5 U <0.2 u <0.2 u NA <0.3 u 5.2 
0511R050 IR05MW85A 03/17/2005 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 U 
05258030 IR05MW85A 06/22/2005 . A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 U 
05258031 IR05MW85A 06/22/2005 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
0538T033 IR05MW85A 09/23/2005 A <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 u 
0602D046 IR05MW85A 01/13/2006 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 u 

-O602D047 01/13/2006 A <0.5 u <0.5 U <0.5 u 
" 

<0.5 U <0.5 u • IR05MW85A NA 
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Table 2-9. Groundwater Analytical Results for VOCs, March 2005 to November 2009 (continued) • Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sample Location Sample 1,1-DCE Benzene Chloroform Naphthalene PCE TCE 
ID No. ID No. Date Aguifer l!:!a1L) l!:!91L) l!:!91Ll l!:!91Ll l!:!91Ll l!:!91Ll 

0612J048 IR05MW85A 03/23/2006 A <0.5 u <0.5 u <0.5 U NA <0.5 u <0.5 U 
0623M032 IR05MW85A 06/07/2006 A <0.5 u <0.5 U <0.5 U NA <0.5 U 0.16 J 
0636E006 IR05MW85A 09/08/2006 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0649B026 IR05MW85A 12/05/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 U 

0709N003 IR05MW85A 02/28/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 u 
0718J013 IR05MW85A 05/02/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 u 0.2 J 
0734H075 IR05MW85A 08/23/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 U 
0740W015 IR05MW85A 10/03/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 u 
0809H026 IR05MW85A 02/27/2008 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 u 
0816E025 IR05MW85A 04/16/2008 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 u 
0830D039 IR08MW41A 7/25/2008 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 U 
09110015 IR08MW41A 3/11/2009 A <0.5 u <0.2 u <0.2 U · NA <0.3 u <0.5 u 
0511T037 IR11MW27A 03/15/2005 A <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 u 
0526D038 IR11MW27A 06/29/2005 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0602J042 IR11MW27A 01/09/2006 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
0611H033 IR11MW27A 03/17/2006 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 U 
0623S022 IR11MW27A 06/07/2006 A <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 u 
0635M020 IR11MW27A 08/28/2006 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 u 

· 07092030 IR11MW27A 03/02/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 U 
0720A058 IR11MW27A 05/18/2007 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 U 
08398034 IR12MW11A 9/23/2008 A <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 U 
0912W037 IR12MW11A 3/17/2009 A <0.5 u <0.2 .U <0.2 u <1.2 U <0.3 u <0.5 u 
0916P014 IR12MW11A 4/16/2009 A <0.5 u <0.2 u <0.2 U <0.5 U <0.3 u 0.79 
0510R031 IR12MW13A 03/10/2005 A <0.5 u 2.7 <0.5 u NA <0.5 u 2.5 
0526R037 IR12MW13A 06/27/2005 A <0.5 UJ 0.49 J <0.5 UJ NA <0.5 UJ <0.5 UJ • 0538D045 IR12M\J\113A 09/23/2005 A <0.5 u 0.26 J <0.5 u NA <0.5 u <0.5 U 
0602H036 IR12MW13A 01/09/2006 A <0.5 UJ 0.27 J <0.5 UJ NA <0.5 UJ. <0.5 UJ 
0612T037 IR12MW13A 03/21/2006 A <0.5 U 0.49 J <0.5 u NA <0.5 u <0.5 U 
0623M033 IR12MW13A 06/07/2006 A <0.5 u 0.25 J <0.5 U NA <0.5 U <0.5 u 
0634D016 IR12MW13A 08/25/2006 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 u 
06498040 IR12MW13A. 12/06/2006 A <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 u 
06498041. IR12MW13A 12/06/2006 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5U 
07092018 IR12MW13A 02/26/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 u _ <0.5 u 
0718D009 IR12MW13A 05/03/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 U 
0734H073 IR12MW13A 08/23/2007 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 U 
0734H074 IR12MW13A 08/23/2007 A <0.5 U <0.5.U <0.5 u NA <0.5 u <0.5 u 
0740H031 IR12MW13A 10/04/2007 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 u 
0809D021 IR12MW13A 02/26/2008 A <0.5 U 0.96 <0.5 U NA <0.5 u <0.5 u 
08168015 IR12MW13A 04/16/2008 A <0.5 u 0.26 J <0.5 u NA <0.5 U <0.5 u 
0916H005 IR12MW13A 4/14/2009 A <0.5 U 0.52 <0.2 U NA <0.3 U <0.5 u 
0509R005 IR12MW17A 03/02/2005 A <1 U · <2 u <0.5 u NA <0.5 U <0.5 u 
0525T026 IR12MW17A 06/21/2005 A 0.32 J <04.4 U <0.5 U NA - <0.5 u <0.5 u 
05108022 IR12MW14A 03/09/2005 A <0.5 u <0.5 u <0.5 U NA <0.5 u <0.5 U 
0526R038 IR12MW14A 06/27/2005 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 U 
0539A049 IR12MW14A 09/27/2005 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 u 
0602H037 IR12MW14A 01/09/2006 A <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 U 
0602H038 IR12MW14A 01/09/2006 A <0.5 u <0.5 u <0.5.U NA <0.5 u <0.5 u 
0612S034 IR12MW14A 03/22/2006 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 u 
0623D041 IR12MW14A 06/06/2006 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 U 
0636C017 IR12MW14A 09/06/2006 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 U 
0636C018 IR12MW14A 09/06/2006 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 u 
06498042 IR12MW14A 12/06/2006 A <0.5 u <0.5 u <0.5 U NA <0.5 u <0.5 U 
0709W030 IR12MW14A 03/02/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U "<0.5 u 
0720A054 IR12MW14A 05/17/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 U 
0735W064 IR12MW14A 08/28/2007 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 u 

-07420056 IR12MW14A 10/15/2007 A <0.5 U <0.5. U <0.5 u NA <0.5 U <0.5 U • 
N: \Projects\2005 Projects\25-049 _Navy_ HP S _ E-2_RI-F SIB_ Originals\Parcel-E_ FS\05Final\T ables\ Table 2-9 _rev 1. xis 
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• Table 2-9. Groundwater Analytical Results for VOCs, March 2005 to November 2009 (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sample Location Sample 1,1-DCE Benzene Chloroform· Naphthalene PCE TCE 
ID No. ID No. Date Aguifer !!:!!ill lµfJIL) l!:!9/L) (µg/L) !!:!9'L! !µg/L) 

0809E031 IR12MW14A 02/29/2008 A <0.5 u <0.5 U <0.5 u NA <0.5.U <0.5 U 
0916H002 IR12MW14A 4/14/2009 A <0.5 U <0.2 u <0.2 u NA <0.3u· <0.5 U 
0823H061 IR12MW14A 06/04/2008 A <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 U 
0916H002 IR12MW14A 4/14/2009 A <0.5 u <0.2 u <0.2 u NA <0.3 U <0.5 U 
0509R005 IR12MW17A 03/02/2005 A <0.5 u <2 u <0.5 U. 17 <0.5 U <0.5 U 
0525T026 IR12MW17A 06/21/2005 A <0.5 U <4.4 u <0.5 U 10 <0.5 U <0.5 U 
0916H003 IR12MW18A 4/14/2009 A <0.5 u <0.2 U <0.2 U NA <0.3 u <0.5 U 
0916H010 IR12MW19A 4/15/2009 A 0.94 <0.2 U <0.2 u NA 2.3 2.8 
20091111 IR12MW43A 11/11/2009 A 0.83 <0.5 u <0.5 U <0.5 u 0.36 J 1.4 
20091111 IR12MW44A 11/11/2009 A <0.5 U <0.5 U <0.5 u .<0.5 u <0.5 U <0:5 u 
20091112 IR12MW45A 11/12/2009 A 2.2 <0.5 U <0.5 u <0.5 u 18 8.1 
20091112 IR12MW46A 11/12/2009 A <0.5 U <0.5 U <0.5 u <0.5 u <0.5 U <0.5 u 
0511G051 IR15MW06A 03/17/2005 A <0.5 U <0.5 U <0.5 U NA <0.5 U 0.26 J 
0526T045 IR15MW06A 06/28/2005 A <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 U 
0539D047 IR15MW06A 09/26/2005 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 u 
0602V033 IR15MW06A 01/10/2006 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 U 
0611H032 IR15MW06A 03/17/2006 A <0.5 U · <0.5 U <0.5 u NA <0.5 U <0.5 u 
0622S010 IR15MW06A 06/01/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0634M016 IR15MW06A 08/25/2006 A <0.5 u <0.5 u <0.5 U NA <0.5. u <0.5 U 
0649W037 IR15MW06A 12/08/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 u 
0708W007 IR15MW06A 02/19/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 U 
0708W008 IR15MW06A . 02/19/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 U 
0720A050 IR15MW06A 05/16/2007 A <0.5 u <0.5 u <0.5 U NA <0.5 u <0.5 u 
0734W049 IR15MW06A. 08/23/2007 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 U 

• 0734W050 IR15MW06A 08/23/2007 A '<0.5 U <0.5 u <0.5 u NA <0.5 u <0.5U 
0740G007 IR15MW06A 10/02/2007 A <0.5 U <0.5 U <0.5 u. · NA <0.5 U <0.5 U 
0809H027 IR15MW06A 02/27/2008 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 u 
0809H028 IR15MW06A 02/27/2008 A <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 U 
0816H024 IR15MW06A 04/17/2008 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 U 
0720H060 IR36MW09A 05/18/2007 A <0.5 u <0.5 u <0.5 U. NA <0.5 u <0.5 U 
0734D054 IR36MW09A 08/24/2007 A <0.5 u <0.5 U <0.5 u NA · <0.5 U <0.5 U 
0740W022 IR36MW09A 10/04/2007 A <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 U 
0809E037 IR36MW09A 02/29/2008 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 u 
0823G044 IR36MW09A 06/03/2008 A <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 U 
0829H013 IR36MW09A 7/18/2008 A <0.5 u <0.5 U ' <0.5 U NA <0.5 u <0.5 u 

. 0841C006 IR36MW09A 10/7/2008 .A <0.5 u <0.5 U <0.5 u NA <0.5 U <0:5 U 
--09110011 IR36MW09A 3/10/2009 A <0.5 U <0.2 U <0.2 u NA <0.3 U <0.5 U 

0916H009 IR36MW09A 4/15/2009 A <0.5 U <0.2 U <0.2 u NA <0.3 U <0.5 U 
0928P008 IR36MW09A 7/8/2009 A <0.5 U <0.2 U· <0.2 u NA <0.3 lJ <0.5 u 
0940P005 IR36MW09A 10/2/2009 A <0.5 U <0.2 u <0.2 u NA <0.3 u <0.5 U 

· 0511G042 IR36MW11A 03/14/2005 · A <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 u 
0525G029 IR36MW11A 06/22/2005 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 U 
0539D049 · IR36MW11A 09/26/2005 A <0.5 U <0.5 U <0.5 U · NA <0.5 u <0.5 u 
0602V037 IR36MW11A 01/11/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0612M040 IR36MW11A 03/21/2006 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0623S016 IR36MW11A 06/05/2006 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 u 
0649B032 IR36MW11A 12/08/2006 A <0.5U <0.5 U <0.5 U NA <0.5 u <0.5 U 
0649B033 IR36MW11A 12/08/2006 A <0.5 u <0.5 U <0.5 U NA <0.5 u <0.5 u 
0709H036 IR36MW11A 02/26/2007 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 U 
0709H037 -IR36MW11A 02/26/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 u 
0719G005 IR36MW11A 05/10/2007 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 U 
0734J066 IR36MW11A 08/24/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 U 
0740W023 IR36MW11A 10/04/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 U 
0810H062 IR36MW11A 03/05/2008 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 U 
0816H019 IR36MW11A 04/16/2008 A <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 U 

• osTfRo4o IR36MW12A 03/14/2005 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 U 
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Table 2-9. Groundyvater Analytical Results for VOCs, March 2005 to November 2009 (continued) • Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sample Location Sample 1,1-DCE Benzene Chloroform Naphthalene PCE TCE 
ID No. ID No. Date Aguifer !!:!SIL) !!:!SIL) !!:!!:JIL) (!:!!:J'Ll !!:!!:JIL) !!:!!:J'Ll 

0526T040 IR36MW12A 06/27/2005 A <0.5 u <0.5 U <0.5 U NA <0.5 u <0.5 u 
0526T041 IR36MW12A 06/27/2005 A <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 U 
0539A046 IR36MW12A 09/26/2005 A .,<0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 u 
0539A047 IR36MW12A 09/26/2005 A <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 U 
0602V035 IR36MW12A 01/11/2006 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 u 
0602V036 IR36MW12A 01/11/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0623S017 IR36MW12A 06/05/2006 A <0.5 U 0.16 J <0.5 U NA <0.5 U <0.5 u 
0623S018 IR36MW12A 06/05/2006 A <0.5 u 0.17 J <0.5 u NA <0.5 U <0.5 U 
0649H018 IR36MW12A 12/05/2006 A <0.5 u 0.16 J <0.5 u NA <0.5 u <0.5 u 
0709W023 IR36MW12A 02/27/2007 A <0.5 u 0.25 J <0.5 u NA <0.5 u <0.5 u 
0720B004 IR36MW12A 05/17/2007 A <0.5 u 0.52 <0.5 u NA <0.5 U <0.5 u 
0734D045 IR36MW12A 08/23/2007 A <0.5 u 0.28 J <0.5 u NA <0.5 U <0.5 U 
0740H021 IR36MW12A 10/03/2007 A <0.5 U 0.27 J <0.5 U NA <0.5 U <0.5 U 
0809E034 IR36MW12A 02/29/2008 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
0817E041 IR36MW12A 04/22/2008 A <0.5 U 0.28 J <0.5 U NA <0.5 u <0.5 u 
0720H061 IR36MW14A 05/18/2007 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 u 
0734J064 IR36MW14A 08/24/2007 A <0.5 u <0.5 U <0.5 U NA <0.5 u 0.2 J 

0740G011 IR36MW14A 10/03/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 u 0.19 J 

0740G012 IR36MW14A 10/03/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 u 0.23 J 

0809E038 IR36MW14A 02/29/2008 A <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 u 
0817E042 IR36MW14A 04/22/2008 A <0.5 u <0.5 U <0.5 U NA <0.5 u <0.5 U 
0510T028 IR36MW16A 03/11/2005 A - <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 U 
0524T020 IR36MW16A 06/17/2005 A <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 U 
0539D048 IR36MW16A 09/26/2005 A <0.5 U <0.5 u <0.5 U NA <0.5 u 0.21 J 

0602J048 IR36MW16A 01/11/2006 - A <0.5 u <0.5 U <0.5 U NA <0.5 U 0.18 J • 0611S018 IR36MW16A 03/15/2006 A . <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 u 
0623V028 IR36MW16A 06/05/2006 A . <0.5 U · <0.5 u <0.5 U NA <0.5 u . 0.2 J 

0649D037 IR36MW16A 12/07/2006 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 u 
0709H039 IR36MW16A 02/26/2007 A <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 u 
0719W025 IR36MW16A 05/11/2007 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 U 
0719W026 IR36MW16A 05/11/2007 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0734J065 IR36MW16A 08/24/2007 A .<0.5 u. <0.5 U <0.5 u NA <0.5 U <0.5 U 
0740W021 IR36MW16A 10/04/2007 A <0.5 U <0.5 u <0.5 U NA 0.17 J 0.17 J 

0809H038 IR36MW16A 02/28/2008 A <0.5 u <0.5 u <0.5 U NA <0.5 u 0.2 J 

0845H039 IR36MW16A 11/7/2008 A <0.5 u <0.5 U <0.5 u NA <0.5 u 0.2 J 

0719W023 IR36Mli'V17A 05/11/2007 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 u 
0719W024 IR36MW17A 05/11/2007 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 U 
0734D050 IR36MW17A 08/23/2007 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
0740W028 IR36MW17A 10/05/2007 A <0.5 u <0.5 u <0.5'U NA <0.5 u <0.5 u 
0809E018 IR36MW17A 02/27/2008 A <0.5 u <0.5 u <0.5 U NA <0.5 u <0.5 U 
0809E019 IR36MW17A 02/27/2008 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 U 
0510D004 IR36MW121A 03/11/2005 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0524G019 IR36MW121A 06/17/2005 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 U 
0538T035 IR36MW121A 09/23/2005 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 U 
0602H046 IR36MW121A 01/11/2006 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 u 
0612J044 IR36MW121A 03/22/2006 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 U 
0623M034 IR36MW121A 06/07/2006 A <0.5 U 0.48 J <0.5 u NA <0.5 U <0.5 U 
0649G036 IR36MW121A 12/05/2006 A <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 u 
0708D018 IR36MW121A 02/19/2007 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 U 
0810E073 IR36MW121A 03/07/2008 A <0.5 U <0.5 U <0.5 u NA 0.3 J 2.3 
0511T034 IR36MW122A 03/14/2005 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0524G020 IR36MW122A 06/17/2005 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 u 
0539T038 IR36MW122A 09/26/2005 A <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 u 
0539T039 IR36MW122A 09/26/2005 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
0602H047 IR36MW122A 01/11/2006 A <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 u 
0612H040 IR36MW122A 03/20/2006 A <0.5 u <0.5 U <0.5 U NA <0.5 U <0.5 U • 

N: \Projects\2005 Projects\25-049 _Navy_ HP S _ E-2_ RI-F SIB_ Or iginals\P arcel-E_ FS\05Final\ Tables\ Table 2-9 _rev 1.xls ~i~'~.~-,. , •• >' 
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• Table 2-9. Groundwater Analytical Results for VOCs, March 2005 to November 2009 (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sample Location Sample 1,1-DCE Benzene Chloroform Naphthalene PCE TCE 
ID No. ID No. Date Aguifer (1;!9/L) (µg/L) (µg/L). (µg/L) (f:!9/L) ·(µg/L) 

0623M035 IR36MW122A 06/07/2006 A <0.5 u. <0.5 U <0.5 U NA <0.5 U <0.5 U 
0649W029 IR36MW122A 12/05/2006 . A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 u 
0649W030 IR36MW122A 12/05/2006 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 u 
0709L013 IR36MW122A 02/27/2007 A <0.5 U <Q.5 u <0.5 u 'NA <0.5 U <0.5 U 
0709L014 IR36MW122A 02/27/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 U 
0719A038 IR36MW122A 05/11/2007 A <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 U 
0719A039 IR36MW122A 05/11/2007 A <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 U 
0734D048 IR36MW122A 08/23/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 u 
0734D049 IR36MW122A 08/23/2007 A <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 U 
0740D016 IR36MW122A 10/03/2007 A <0.5 u <0.5 u <0.5 U NA <0.5 u <0.5 u 
0740D017 IR36MW122A 10/03/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0809D014 IR36MW122A 02/25/2008 A . <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 U 
0809D015 IR36MW122A 02/25/2008 A <0.5 u <0.5 U <0.5 U NA <0.5 U <0.5 U 
0817H043 IR36MW122A 04/22/2008 A <0.5 u <0.5 U '<0.5 U NA <0.5 U <0.5 u 
0511T038 IR36MW125A 03/15/2005 A <0.5 U <0.5 u <0.5 U NA <0.5 U <94 U 
0526M046 IR36MW125A 06/27/2005 A 3.1 J3 <0.5 UJ: <0.5 UJ3 NA 0.82 J3 7,600 
0611M035 IR36MW125A 03/17/2006 A 0.32 J <0.5 u <0.5 u NA <0.5 u 500 J 
0623P055 IR36MW125A 06/08/2006 A. 3.7 <0.5 U <0.5 U NA 0.6 4,800 
08378026 IR36MW125A 9/11/2008 A 3.9 <0.5 u 0.09 J NA 0.36 J 2,500/1,700 /R 

0911B010 IR36MW125A 3/10/2009 A 1.2 <0.2 U 0.081 J NA <0.3 u 560/610 /R 

0916H014 IR36MW125A 4/16/2009 A 2.9 <0.2 u <0.2 u NA 0.57 1,500/1,300 R/ 
20091117 IR36MW125A 11/17/2009 A 3.3 <2:5 u <2.5 u <2.5 u <2.5 U 1,300 
0511R048 IR36MW126A 03/17/2005 A <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 u \ 
0511 R049 IR36MW126A 03/17/2005 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 U 

• 05248018 IR36MW126A 06/17/2005 A .<0.5 U -s0.5 u <0.5 u NA <0.5 u 0.19 J 
06020041 IR36MW126A 01/11/2006 A <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 U 
0612M044 IR36MW126A 03/22/2006 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 U 
0623P050 IR36MW126A 06/06/2006 A <0.5 u <0.5 u <0.88 u NA <0.5 u <0.5 u 
0637S025 IR36MW126A 09/11/2006 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 u 
0649H021 IR36MW126A 12/06/2006 A <0.5 U . <0.5 U <0.5 u NA <0.5 U · <0.5 U 
0709Z021 IR36MW126A 02/27/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 u 
20091117 IR36MW126A 11/17/2009 A <0.5 u <0.5 u <0.5 u "<0.5 u <0.5 u 0.32 J 
0511T041 IR36MW127A 03/17/2005 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 u· 
05248017 IR36MW127A 06/17/2005 A <0.5 u <0.5 U <0.5 U NA <0.5 U <0.5 u 
0829H014 IR36MW127A 7/18/2008 A <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 u 
0538A039 IR36MW127A · 09/22/2005 A <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 u 
0602J046 IR36MW127A 01/10/2006 A <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 U 
0612J049 IR36MW127A 03/23/2006 A <0.5 U <0:5 u <0.5 U NA <0.5 u <0.5 U 
0623V030 IR36MW127A 06/06/2006 A <0.5 U <0.5U <0.5 U NA <0.5 U <0.5 U 
0648H014 IR36MW127A 12/01/2006 A <0.5 U <0.5 u <0.5 u NA <0.5 U . <0.5 U 
0709Z022 IR36MW127A 02/27/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 u 
0720A042 IR36MW127A 05/14/2007 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 u 
0734J057 IR36MW127A 08/23/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0734J058 IR36MW127A 08/23/2007 A <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 U 
0740H015 IR36MW127A 10/02/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 u 
0809N004 IR36MW127A 02/25/2008 A <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 U 
0816N006 IR36MW127A 04/17/2008 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 U 
0829H014 IR36MW127A 7/18/2008 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0911D010 IR36MW127A 3/10/2009 A <0.5 u <0.2 u <0.2 U NA <0.3 u <0.5 u 
0916H015 IR36MW127A 4/16/2009 A <0.5 U <0.2 u <0.2 U NA <0.3 u <0.5 u 
0928W024 IR36MW127A 7/10/2009 A <0.5 u <0.2 u <0.2 u NA <0.3 u <0.5 U 
0940P006 IR36MW127A 10/2/2009 A <0.5 U <0.2 u <0.2 U NA <0.3 u <0.5 u 
20091118 IR36MW127A 11/18/2009 A <0.5 u <0.5 U <0.5 U <0.5 U <0.5 u <0.5 u 
0510S031 IR36MW128A 03/11/2005 A <0.5 U <0.5 u <0.5 u NA <0.5 u <1.5 U 
0510S032 IR36MW128A 03/11/2005 A <0.5 U <0.5 u <0.5 U NA <0.5 U <1.5 U 

• ~· 0524T018 IR36MW128A 06/17/2005 
·--A~·-

<0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 u 
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Table 2-9. Groundwater Analytical Results for VOCs, March 2005 to November 2009 (continued) • Feasibility Study Report for Parcel E, Hunters· Point Shipyard, San Francisco, California 

Sample Location Sample 1,1-DCE Benzene Chloroform Naphthalene PCE TCE 
ID No. ID No. Date Aguifer ll:!91L! l1:!91L) (µ9/L) l!:!91l! (µ9/L) !l:!9'l! 

0539V022 IR36MW128A 09/26/2005 A <0.5 U <0.5 U . <0.5 U NA <0.5 u 0.21 J 
0602D044 IR36MW128A 01/12/2006 A <0.5 u <0.5 U <0.5 U NA <0.5 U 0.35 J 
0602D045 IR36MW128A 01/12/2006 A <0.5 u <0.5 U <0.5 u NA <0.5 U 0.36.J 
0612M046 IR36MW128A 03/23/2006 A <0.5 U <0.5 u <0.5 u NA <0.5 U 1.1 
0623M023 IR36MW128A 06/05/2006 A <0.5 u <0.5 u <0.5 u NA <0.5 u 1 
0649B031 IR36MVV128A 12/07/2006 A <0.5 u <0.5 U <0.5 u NA <0.5 U' 0.72 
0708G035 IR36MW128A 02/21/2007 A <0.5 U <0.5 u <0.5 U NA <0.5 U 0.58 
0720B003 IR36MW128A 05/17/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U 2.3 
0734J059 IR36MW128A 08/23/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 U 2,J 
0734J060 IR36MW128A 08/23/2007 A <0.5 u <0.5 u <0.5 u NA <0.5 U 2 J 
0740W011 IR36MW128A 10/02/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 U 1.8 
0809N005 IR36MW128A 02/25/2008 A <0.5 u <0.5 U <0.5 U NA <0.5 U 1.1 
0817E038 IR36MW128A 04/22/2008 A <0.5 U <0.5 U <0.5 u NA <0.5 U 0.44 J 
0916P008 IR36MW128A 4/15/2009 A <0.5 u <0.2 U <0.2 u NA <0.3 U 1 
20091117 IR36MW128A 11/17/2009 A <0.5 u <0.5 u <0.5 u <0.5 U <0.5 u 1.1 
0823G056 IR36MW135A 06/06/2008 A <0.5 u <0.5 u <0.5 U NA <0'.5 u <0.5 U 
0830E046 IR36MW135A 7/25/2008 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 u 
0913W051 IR36MW135A 3/23/2009 A <0.5 u <0.2 u <0.2 U NA <0.3 u <0.5 u 
20091109 IR36MW230A 11/9/2009 A· <0.5 U <0.5 u <0.5 u <0.5 u <0.5 U 12 
20091110 IR36MW231A 11/10/2009 A <0.5 U <0.5 U <0.5 U <0.5 u <0.5 U 28 
20091110 IR36MW232A 11/10/2009 A <0.5 U <0.5 U <0.5 u <0.5 u <0.5 U 71 
20091110 IR36MW233A 11/10/2009 A <0.5 u <0.5 U <0.5 U <0.5 u <0.5 U 7.2 
20091110 IR36MW234A 11/10/2009 A <0.5 U <0.5 U <0.5 U <0.5 u <0.5 u 0.61 
20091118 IR36MW235A 11/18/2009 A <0.5 u <0.5 u <0.5 U <0.5 u <0.5 u 2.2 
20091112 IR36MW236B 11/12/2009 B <0.5 U <0.5 u <0.5 u <0.5 U <0.5 U <0.5 u •• 200091118 IR36MW237A 11/18/2009 A <0.5 U 0.22 J <0.5 U <0.5 U 1.2 3,200 
20091116 IR36MW238A 11/16/2009 A <0.5 u <0.5 u <0.5 U <0.5 u <0.5 u 17 
20091116 IR36MW239A 11/16/2009 A <0.5 U <0.5 U 0.22 J <0.5 U <0.5 U 56 
20091116 IR36MW240A 11/16/2009 A <0.5 u <0.5 u <0.5 u <0.5 U <0.5 u 12 
20091116 IR36MW241A 11/16/2009 A <0.5 u <0.5 u <0.5 u <0.5 U <0.5 U 16 
20091117 IR36MW242A 11/17/2009 A <0.5 u <0.5 u <0.5 u <0.5 u <0.5 U 17 
0836G021 IR39MW21A 9/4/2008 A <0.5 u 23 <0.5 U NA <0.5 U <0.5 u 
0841B026 IR39MW21A 10/10/2008 A NA 3.4 NA NA NA NA 
09138003 ·IR39MW21A 3/25/2009 A NA <0.2 U NA NA NA NA 
0916P005 IR39MW21A 4/14/2009 A NA <0.2 u NA NA NA NA 
0928W025 IR39MW21A 7/10/2009 A NA 6.6 NA NA NA NA 
0941H033 IR39MW21A 10/6/2009 A NA 15 NA NA NA NA 
0830H038 IR39MW33A 7/23/2008 A NA <0.5 U NA NA NA NA 
0841C016 IR39MW33A 10/9/2008 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0941H032 IR39MW33A 10/6/2009 A NA <0.2 U NA NA NA NA 
0511S042 IR39MW36A 03/15/2005 A <0.5 u <0.5 u 0.22 J NA <0.5 u <0.5 u 
0526M051 IR39MW36A 06/28/2005 A <0.5 u <0.5 U <0.5 U NA <0.5 u <0.5 U 
0539S052 IR39MW36A 09/27/2005 A <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 U 
0602V031 IR39MW36A 01/09/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 U 
0612H049 IR39MW36A 03/23/2006 A <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 U 
0622P038 IR39M)N36A 06/01/2006 A <0.5 U <0.5 UJ <0.5 UJ NA <0.5 UJ <0.5 UJ 
0649B034 IR39MW36A 12/08/2006 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 u 
0649B035 IR39MW36A 12/08/2006 A <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 u 
0708G039 IR39M)N36A 02/22/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 u 
0708G040 IR39MW36A 02/22/2007 A <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 U 
0720W044 IR39MW36A 05/17/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 U 
0734W056 IR39MW36A 08/24/2007 A <0.5 U <0.5 u <0.5 u · NA <0.5 u <0.5 U 
0740G010 IR39MW36A 10/03/2007 A <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 U 
0809H036 IR39MW36A 02/28/2008 A <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 u 
0816H029 IR39MW36A 04/17/2008 A <0.5 U <0.5 U <0.5 u NA <0.5 U 0.25 J 
o5TfG046 IR56MW39A 03/15/2005 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 u • 

N:\Projects\2005 Projectsl25-049_N,r;y_HPS_E·2_RI-FS\8_ Originals\Parcel-E_FS\05Final\T ables\T able 2-9_rev1.xls ~:~~~ 
" ,✓ • 
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Table 2-9. Groundwater Analytical Results for VOCs, March 2005 to November 2009 (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sample Location Sample 1, 1-DCE Benzene Chloroform Naphthalene PCE . TCE 
ID No. ID No. Date Aquifer (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) 

0526D036 IR56MW39A 06/28/2005 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0539T037 IR56MW39A 09/26/200_5 __ A ___ <_0-.5-,--,U---,,-0 . ...,.1-8""'J ___ <_0 __ 5-,-,-u ___ N_A ____ <0:-_--5""'u,------<0:-_--57U:--

0602T030 IR56MW39A 01/09/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0612H050 IR56MW39A 03/23/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0612H051 IR56MW39A 03/23/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0623S025 IR56MW39A 06/07/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 u 
0623S026 IR56MW39A 06/07/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0649W035 IR56MW39A 12/07/2006 A <0.5 U 0.18 J <0.5 U NA <0.5 U <0.5 u 
0708H027 IR56MW39A 02/20/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0718A005 IR56MW39A 05/02/2007 A . <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 U 
0735H082 IR56MW39A 08/27/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0740W016 IR56MW39A 10/03/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 U 
0809P006 IR56MW39A 02/26/2008 A <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 U 
0817D043 IR56MW39A 04/23/2008 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0916P003 IR56MW39A 4/14/2009 A <0.5 U <0.2 U <0.2 U NA <0.3 U <0.5 U 
0916P010 IR72MW32A 4/15/2009 A <0.5 U <0.2 U <0.2 U NA <0.3 U <0.5 U 
06020038 IR74MW01A 01/10/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U 3.4 
0612H043 IR74MW01A 03/21/2006 A . <0.5 U <0.5 U <0.5 U NA <0.5 U 1.5 J 
0623D044 IR74MW01A 06/07/2006 . A <0.5 U <0.5 U <0.5 U NA <0.5 u 1.5 
0829H016 IR74MW01A 7/18/2008 A <0.5 U <0.5 u 0.26 J NA <0.5 U 2.5 
0841H017 IR74MW01A 10/8/2008 A <0.5 U <0.5 U <0.5 U NA <0.5 u 2.8 
09110025 IR74MW01A 3/13/2009 A <0.5 U <0.2 U 0.12 J NA <0.3 u 0.75 
0916P004 IR74MW01A 4/14/2009 A <0.5 U <0.2 U <0.2 u NA <0.3 U 2 
0928H009 IR74MW01A 717/2009 A <0.5 U <0.2 U 0.61 NA <0.3 U 2.7 
0940H015 IR74MW01A 10/2/2009 A <0.5 U <0.2 U 0.49 NA <0.3 U 4 
0720J062 PA36MW04A 05/18/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U 0.78 
0735H083 PA36MW04A 08/27/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U 1.4 
0740W014 PA36MW04A 10/03/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 u 0.63 
0810H053 PA36MW04A 03/04/2008 A <0.5 U <0.5 U <0.5 U NA <0.5 u 0.48 J 
0817E040 PA36MW04A 04/22/2008 A <0.5 U . <0.5 U <0.5 U NA <0.5 U 0.63 
0916P007 PA36MW04A 4/15/2009 A <0.5 U <0.2 U <0.2 U NA <0.3 U <0.5 U 
0511S046 PA36MW07A 03/17/2005 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0526D035 PA36MW07A 06/28/2005 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 

'0539S051 PA36MW07A 09/26/2005 · A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0602D034 PA36MW07A 01/09/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0612J042 PA36MW07A . 03/21/2006 A <0.5 U <0.5 u · <0.5 u NA <0.5 U <0.5 U 
0623V029 PA36MW07A 06/05/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 

_0_6_4-98_0_2_4--P-A-36_M_W07A12/05/2006 A <0.5 U <0.5 U <0.5 U --NA <0.5 U <0.5 U 

06498025 PA36MW07A 12/05/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0709W024 PA36MW07 A 0_2/_2_7/_2_00_7 ___ A ___ <_0_.5_U __ <_0_.5~U ___ <_0_.5...,.u ___ N_A _____ <_0_.5.....,,.U___ <0.5 U 
0719W027 PA36MW07A 05/11/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0734J037 PA36MW07 A 08/20/2007 A <0.5 .u <0.5 U <0.5 U NA <0.5 U <0.5 U 
0740H016 PA36MW07A 10/02/2007 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0810H076 PA36MW07A 03/07/2008 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 u 
0816N007 PA36MW07A 04/17/2008 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0511R044 PA36MW01A 03/15/2005 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0525T035 PA36MW01A 06/24/2005 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0525T036 PA36MW01A 06/24/2005 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0538S047 PA36MW01A 09/23/2005 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0538S048 . PA36MW01A 09/23/2005 A <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 U 
06020042 PA36MW01 A 01/11 /2006 __ ...,.A ___ <_0_-5...,.u-=---<-=-o--=-_5--u-,---<-0:-.5,::-:-;U-----...,.N-,--,A,------<-::-0-=.5-:-U-:-----<-::-0-=.5,...,U.,..-

0612H042 PA36MW01A 03/21/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U · <0.5 U 
0623M027 PA36MW01A 06/06/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0623M02_8 __ P_A_3_6_M_W_0_1_A __ 0_6_/_06-/2_0_0_6 ___ A ___ <_0 __ 5-u __ <_0 __ 5_u ___ <0-_-5_U ___ NA - . <0.5 U <0.5 U 

0648D027 PA36MW01A 12/01/2006 A <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0708H030 PA36MW01A 02/21/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 U 

-N:\P-ro-je-cts-1200-5-Pr-oje-cts\_2_5-0_49-_N-avy-_H_P_S_-E-2-_R-I-F-SI-B_-Or-1gin-al-s\P-arc-el--E_-FS-\0-5F-ina-llT-abl-es\-Ta-ble-2--9_-rev-1.x-ls ____________________ ;, -! 
·.. ·' .y 
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Table 2-9. Groundwater Analytical Results for VOCs, March 2005 to November 2009 (continued) • Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sample Location Sample 1,1-DCE Benzene Chloroform Naphthalene PCE TCE 
ID No. ID No. Date Aguifer (!:!9/L) l!:!91Ll (!:!!:JIL) l!:!91L) l!:!!:JIL) ' (!:!9/L) 

0708H031 PA36MW01A 02/21/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 u 
0811E082 PA36MW01A 03/11/2008 A · <0.5 u <0.5 U <0.5 U NA <0.5 u <0.5 u 
0720J062 PA36MW04A 05/18/2007 A <0.5 u <0.5 u <0.5 U NA <0.5 U 0.78 
0735H083 PA36MW04A 08/27/2007 A <0.5 U <0.5 u <0.5 U NA <0.5 U 1.4 
0740W014 PA36MW04A 10/03/2007 A <0.5 U <0.5 U <0.5 u NA <0.5 u 0.63 
0810H053 PA36MW04A 03/04/2008 A <0.5 U <0.5 U <0.5 U NA <0.5 u 0.48 J 

0817E040 PA36MW04A 04/22/2008 A <0.5 u <0.5 u <0.5 u NA <0.5 u 0.63 
0830D030 PA39MW01A 7/23/2008 A <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 U 

0912D048 PA39MW01A 3/19/2009 A <0.5 u <0.2 U <0.2 u NA <0.3 u 0.22 J 

05118048 IR02MW127B 03/15/2005 B <0.5 U <0.5 u <0.5 u <10 u <0.5 u <0.5 u 
0511T036 IR03MW228B 03/15/2005 B <0.5 u <0.5 u <0.5 u NA <0:5 u <0.5 u 
0526M047 IR03MW228B 06/27/2005 B <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 U 

0538T034 IR03MW228B 09/23/2005 B <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 U 

0602H039 IR03MW228B 01/09/2006 B <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0602H040 IR03MW228B 01/09/2006 B <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
0611S027 IR03MW228B 03/17/2006 B <0.5 u <0.5 u <0.5 u NA <0.5 U <0.5 u 
0611S028 IR03MW228B 03/17/2006 B <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 U 

0622V021 IR03MW228B 06/01/2006 B <0.5 u <0.5 u <0.5 U NA <0.5 U <0:5 U 

06348005 IR03MW228B 08/25/2006 B <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 u 
0648D018 IR03MW228B 11/29/2006 B <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 U 

0707W004 IR03MW228B 02/16/2007 B <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
07198003 IR03MW228B 05/10/2007 B <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 U 

07198004 IR03MW228B 05/10/2007 B <0.5 u <0.5 u <0.5 U NA <0.5 u <0.5 u 
0734D034 IR03MW228B 08/21/2007 B <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 U 

0741W036 IR03MW228B 10/08/2007 B <0.5 U <0.5 U .<0.5 U NA <0.5 u <0.5 u • 0810D050 IR03MW228B 03/04/2008 B <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 U 

0817E030 IR03MW228B 04/21/2008 B <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 U 

0510R032 IR03MW373B 03/10/2005 B <0.5 U <0.5 U <0.5 U 10 <0.5 U <0.5 u 
05268046 IR03MW373B 06/28/2005 B <0.5 U <0.5 u <0.5 u 10 <0.5 U <0.5 U 

0538A040 IR03MW373B 09/23/2005 B <0.5 u <0.5 u <0.5 U <10 u <0.5 U <0.5 u 
0602H041 IR03MW373B . 01/09/2006 B <0.5 u <0.5 u <0.5 u <10 U <0.5 u <0.5 u 
0611S026 IR03MW373B 03/17/2006 B <0.5 U <0.5 U <0.5 u <10 U <0.5 u <0.5 u 
0623P056 IR03MW373B 06/08/2006 B <0.5 u <0.5 u <0.5 U <10 U <0.5 U 0.67 
06348006 IR03MW373B 08/25/2006 B <0.5 U <0.5 u <0.5 u <10 u <0.5 u <0.5 U 

06498031 IR03MW373B 12/04/2006 B <0.5 U <0.5 u <0.5 u <10 U <0.5 u <0.5 u 
07098048 IR03MW373B 02/28/2007 B <0.5 u <0.5 U <0.5 u <10 u <0.5 u <0.5 u 
0720A055 IR03MW373B 05/17/2007 B <0.5 U <0.5 u <0.5 U <10 U <0.5 u <0.5 U 

0735W060 IR03MW373B 08/27/2007 B <0.5 u <0.5 U <0.5 u <10 U <0.5 u <0.5 U ., 

0740D023 IR03MW373B 10/04/2007 B <0.5 u <0.5 u <0.5 u <10 U <0.5 U <0.5 u 
0809E020 IR03MW373B 02/27/2008 B <0.5 u <0.5 u <0.5 U <10 U <0.5 U <0.5 U 

0809E021 IR03MW373B 02/27/2008 B <0.5 U <0:5 u <0.5 u <10 u <0.5 u <0.5 u 
0817E028 IR03MW373B 04/21/2008 B <0.5 U <0.5 U <0.5 u <10 U <0.5 u <0.5 u 
0511R041 IR36MW120B 03/14/2005 B <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 U 

05268042 IR36MW120B 06/27/2005 B <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
0539V020 IR36MW120B 09/26/2005 B <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
0602H045 IR36MW120B 01/10/2006 B <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 u 
0612M042 IR36MW120B 03/21/2006 B <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 u 
0623D043 IR36MW120B 06/06/2006 B <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 u 
06498035 IR36MW120B 12/05/2006 B <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 u 
0708D019 IR36MW120B 02/19/2007 B <0.5 u ,<0.5 u <0.5 u NA <0.5 u <0.5 u 
0810E074 IR36MW120B 03/07/2008 B <0.5 u · <0.5 u <0.5 U NA <0.5 U <0.5 u 
05108028 IR36MW123B 03/10/2005 B <0.5 U <0.5 u <0.5 u· NA <0.5 U. <0.5 U 

0524T019 IR36MW123B 06/17/2005 B <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 

0538T031 IR36MW123B 09/22/2005 B <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 U 

0602J045 IR36MW123B 01/10/2006 B <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 U 
-o6T2H047 IR36MW123B 03/22/2006 B <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 u • 
N: \Projects\2005 Projects\25-049 _ N ""f _ HP S _ E-2_ RI-F SIB_ Originals\Parcel-E_ FS\05Final\T ables\ Table 2-9 _rev 1. xis ~~~~\ ' ,_ ,- . ~- :-,, ": '·,' 
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• Table 2-9. Groundwater Analytical Results for VOCs, March 2005 to November 2009 (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, _San Francisco, California 

Sample Location Sample 1,1-DCE Benzene Chloroform Naphthalene PCE lCE 
ID No. ID No. Date Aguifer (µ9/L) . (µ9/L) (!;!9/L) !!:!9/L) (µg/L) (µg/L) 

0623M036 IR36MW123B 06/08/2006 B <0.5 u <0.5 U <0.5 U NA <0.5 u <0.5 u 
0649G037 IR36MW123B 12/05/2006 B <0.5 u <0.5 U <0.5 U NA <0.5 u <0.5 u 
0709L010 IR36MW123B 02/26/2007 B <0.5 u <0.5 U <0.5 U NA <0.5 u <0.5 u 
0709L011 IR36MW123B 02/26/2007 B <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 U 
07208002 IR36MW123B 05/17/2007 B <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 u 
07340046 IR36MW123B 08/23/2007 B <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5-U 
07340047 IR36MW123B 08/23/2007 B <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 u 
07400018 IR36MW123B 10/03/2007 B <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 u 
08090013 IR36MW123B 02/25/2008 B <0.5U <0.5 u <0.5 U · NA <0.5 U <0.5 u 
0511R043 IR36MW129B 03/15/2005 B <0.5 U <0.5 U <0.5 u NA <0.5 u <0.5 U 
05241017 IR36MW129B 06/17/2005 B <0.5 U <0.5 u <0.5 u NA <0.5 U <0.5 U 
0539V023 IR36MW1298 09/26/2005 B <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
0602J047 IR36MW129B 01/11/2006 B <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 U 
0612S035 IR36MW129B 03/22/2006 B <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 u 
0623S023 IR36MW129B 06/07/2006 B <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
0623S024 IR36MW129B 06/07/2006 B <0.5 U <0.5 u <0.5 U NA <0.5 u <0.5 u 
0649G047 IR36MW129B 12/07/2006 B <0.5 U <0.5 U <0.5 u NA <0.5 U <0.5 u 
0708G033 IR36MW129B 02/21/2007 B <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 u 
0708G034 IR36MW129B 02/21/2007 B <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 u 
0719G010 IR36MW129B 05/11/2007 B <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 u 
0719G011 IR36MW129B 05/11/2007 B <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 u 
0734J061 IR36MW129B 08/23/2007 · B <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 U 
0740W009 IR36MW129B 10/02/2007 B <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 u 
0740W010 IR36MW129B 10/02/2007 B <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 u 

• 0809N006 IR36MW129B 02/25/2008 B <0.5 U <0.5 u <0.5 u NA , <0.5 u <0.5 U 
0817E037 IR36MW129B 04/22/2008 B <0.5 u <0.5 U <0.5 U NA <0.5 U <0.5 U 
0511G037 IR15MW10F 03/14/2005 F <0.5 U <0.5 u <0.5 u NA <0.5 u <0.5 U 
0511G038 IR15MW10F 03/14/2005 F <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 U 
05261042 IR15MW10F 06/27/2005 F <0.5 U <0.5 U <0.5 U NA <0.5 u <0.5 u 
0539S053 IR15MW10F 09/27/2005 F <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0602V034 IR15MW10F. · 01/10/2006 F <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 U 
0611 H034 IR15MW10F 03/17/2006 F <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 U 
0611H035 IR15MW10F 03/17/2006 F <0.5 U <0.5 U <0.5 U NA <0.5 U <0.5 U 
0622V022 IR15MW10F 06/01/2006 F <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0634M017 IR15MW10F 08/25/2006 F <0.5 u <0.5 U <0.5 u NA <0.5 U <0.5 U 
0649W036 IR15MW10F 12/08/2006 F <0.5 u <0.5 u <0.5 U NA <0.5 U <0.5 U 
0708W009 IR15MW10F 02/19/2007 F <0.5 U <0.5 U <0.5 U NA <0,5 U <0.5 U 
0720A045 IR15MW10F 05/15/2007 F <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 
0734W051 IR15MW10F 08/23/2007 F <0.5 u <0.5 u <0.5 u NA <0.5 u <0.5 u 
0740G008 IR15MW10F 10/02/2007 F <0.5 u <0.5 u <0.5 u NA <0.5 U "<0.5 U 
0809H029 IR15MW10F 02/27/2008 F <0.5 u <0.5 U <0.5 u NA <0.5 u <0.5 u 

--08T6H026 IR15MW10F 04/17i2008 F <0.5 U <0.5 u <0.5 U NA <0.5 U <0.5 U 

Notes: 

DCE = dichloroethene 

J = estimated value 

J3 = compound is estimated because accuracy was exceeded in matrix spike. biank spike, or surrogate spike 

NA = not analyzed for 

PCE = tetrachloroethene 

R = rejected value 

TCE = trichloroethene 

U = nondetected (numeric value is reporting limit) 

UJ = nondetected (numeric value is reporting limit), estimated value 

µg/L = micrograms per liter 

• 
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Table 2.:10 . Groundwater Analytical Results for Metals, March 2005 to October 2009 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Sample Location Sample Copper Lead Nickel 
ID No. ID No. Date Aquifer h.1!.1/L) h.1!.1/L) (IJQ/L) 

0830G031 IR02MW101A1 7/23/2008 A <5 u <2.1 u 5.3 
09138034 IR02MW101A1 3/23/2009 A 1.9 J <5 u <5 u 
0511G050 IR02MW126A 03/17/2005 A 269 <5 UJ3 7.9 J3 
0526G049 IR02MW126A . 06/29/2005 A <2.4 U1 <5 UJ3 <5 UJ3 
0538A043 IR02MW126A 09/23/2005 A <1.7 u <5 UJ <5 u 
0602T033 IR02MW126A 01/10/2006 A 1,000 <5 U 12.2 
0611J035 IR02MW126A 03/17/2006 A 732 J <5 u 23.4 
0623D040 IR02MW126A 06/06/2006 A 296 <5 u 10: 1 
0649G043 IR02MW126A 12/06/2006 A 508 <5 u 9.4 
0709W026 IR02MW126A 02/28/2007 A 136 <5 u 4.2 J 
0720J051 IR02MW126A 05/14/2007 A 68.2 <5 u <5 u 
0732J005 IR02MW126A 08/10/2007 A 31.9 <5 u <5 u 
0740W013 IR02MW126A 10/03/2007 A. 21.6 <5 u <5 u 
0808E010 IR02MW126A 02/21/2008 A 24.4 <5 u 5.4 
0817H036 IR02MW126A 04/21/2008 A 23.8 <5 U 4.4 J 
0830D021 IR02MW126A 7/21/2008 .A 5.3 <3.7 u <5 u 
0841H027 IR02MW126A 10/10/2008 A <5 UJ <5 UJ <1.1 UJ 
0912W038 IR02MW126A 3/17/2009 A 1.8 J <5 u <5 u 
09208015 IR02MW126A 5/13/2009 A <5 u <5 u <2.2 u 
09288010 IR02MW126A 7/7/2009 A <5 u <5 UJ 1.1 J 
0941W016 IR02MW126A 10/5/2009 A <5 u <5 u <1.2 u 
0511G044 IR02MW147A 03/15/2005 A 8.2 <5 u <5 u 
0511G045 IR02MW147A 03/15/2005 A 8.2 <5 u <5 u 
0526M052 IR02MW147A 06/29/2005 A <22.6 U1 <5 UJ39 5.5 J3 
0538T028 IR02MW147A 09/22/2005 A <5 UJ <5 UJ 5.9 J 
.0602T037 IR02MW147A 01/12/2006 A 4.5 J 3 J <5 u 
0612J041 IR02MW147A 03/21/2006 A 9.9 <5 u 5.4 
0623D037 IR02MW147A 06/05/2006 A 28.3 <5 uj <5 u 
0636D042 IR02MW147A 09/07/2006 A <5 UJ <5 u 13 
06498030 IR02MW147A 12/07/2006 A 1.6 J <5 u <5 u 
0709L015 IR02MW147A 02/28/2007 A <2.6 u <5 u <5 u 
07208001 IR02MW147A 05/17/2007 A <5 u <5 u 7.1 
0732J006 IR02MW147A 08/10/2007 A 2.7 J <5 u 4.4 J 
0740G019 IR02MW147A 10/05/2007 A 2.6 J <5 UJ <5 UJ 
0810E051 IR02MW147A 03/04/2008 A <4.7 u <5 u <5 u 
0817G029 IR02MW147A 04/22/2008 A 3.1 J 1.9 J 5.7 
0510G024 IR02MW149A 03/10/2005 A 2.7 J <5 u 9.9 

"'"-~""'""""''"= 

0526G038 IR02MW149A 06/27/2005 A <5 u <5 u 10.3 
0538T024 IR02MW149A 09/21/2005 A <5 u <5 u 11.2 
0602T036 IR02MW149A 01/12/2006 A 5.9 <5 u 10.4 
0612J040 IR02MW149A 03/21/2006 A <5.6 u <5 u 16.7 
0622D020 IR02MW149A 05/30/2006 A 9.7 3.1 J 12.4 J 
0636D041 IR02MW149A 09/07/2006 A 80 J <5 u 13.7 
0649W033 IR02MW149A 12/07/2006 A 14 <5 u 17.2 
0709L017 I IR02MW149A J .... 03/01/2007 A 10.2 <5 u 5.2 
0720N007 ' IR02MW149A 05/15/2007 A <1.5 u <5 u 17.4 

"""~",rn 

0732D004 IR02MW149A 08/08/2007 A 1.5 J <5 UJ 16.6 J 
0740G006 IR02MW149A 10/02/2007 A <5 u 4.2 J 16.2 J 
0810E052 IR02MW149A 03/04/2008 A <3.7 u <5 u 11.4 
0817D032 I IR02MW149A i 04/21/2008 A 3.2 J <3.1 u 17.2 

N. \PrOjects\2005 Projects\25-049 _·Navy_ HPS _E-2_ Rl-FS\8_ Origina!s\P arce!-E_F S\05 Rnal\ Tables\ Table 2- 10 _rev 1.xls 
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Zinc 
(ua/L) 

<50 u 
<50 u 
625 J3 
174 J3 

<166 UJ 
1,620 
2,320 J 
1,050 

857 
514 
241 J 
206 
216 
195 
178 
120 

<77.5 UJ 
30.8 J 
<50 u 

44.3.J 
35.2 J 
<50 u 
<50 u 
<50 UJ3 
<50 UJ 
<50 u 
<50 u 
<50 U 
<50 u 
<50 u 
<50 u 
·<50-U 
<50 u 
<50 UJ 
<50 u 

4 J ··-
<50 u 
<50 u 
<50 u 
<50 u 
<50 u 
<50 u 
<50 u 
<50 u 
<50 u 
<50 u 

-<50 UJ 
<50 UJ 
<50 u 
<50 u 
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Table 2-10. 

Sample 
ID No. 

05112023 
05112024 
0721J065 
0732W010 
0740W007 
0808D008 
0817D033 
0830H034 
0912D036 
0511R051 
0511 R052 
0526G047 
0538A041 
0538A042 
0602H049 
0611J036 
0611J037 
0623D042 
0649W038 
0708L007 
0720J056 
0732D010 
0740D008 
0809P002 
0817H037 
0830H037 
0912D035 
0511G049 
0525G036 
0525G037 
0539T036 
0602H051 
0611 H036 
0623P048 
0636B016 
0636B017 
0649G049 
0649G050 
0708L006 
0720J057 
0732W009 
0740W008 
0808H012 
0817E036 
0830H033 
0912H028 
05112021 
0720J061 
0732D009 
0740D007 I 

Groundwater Analytical Results for Metals, March 2005 to October 2009 (continued) 
Fea~ibility Study Report for Parcel E, Hunters· Point Shipyard, San Francisco, California 

Location Sample Copper Lead Nickel Zinc 
1 ID No. Date AQuifer (ua/L) (1,1g/L) (ua/L) (ua/L) 

IR02MW175A 03/17/2005 A 5 <5 UJ3 <5 UJ3 <50 UJ3 
IR02MW175A 03/17/2005 A <5 u <5 UJ3 <5 UJ3 <50 UJ3 
IR02MW175A 05/21/2007 A <5 u <5 u <5 u <50_U 
IR02MW175A 08/10/2007 A <5 u <5 u <5 u <50 u 
IR02MW175A 10/02/2007 A 1.8 J 4.6 J <5 UJ <50 UJ 
IR02MW175A 02/21/2008 A <5 u <2 u <5 u · <50 u 
IR02MW175A 04/21/2008 A 3.5 J <1.6 u 2.6 J <50 u 
IR02MW175A 7/23/2008 A <5 u 18.4 <5 u <50 u 
IR02MW175A 3/17/2009 A <5 u <5 u <5 u <50 u 
IR02MW179A 03/17/2005 A <5 u <5 UJ3 <5 UJ3 <50 UJ3 
IR02MW179A 03/17/2005 A 2.1 J <5 UJ3 <5 UJ3 <50 UJ3 
IR02MW179A 06/29/2005 A <5 UJ9 3 J3 <5 UJ3 <50 UJ3 
IR02MW179A 09/23/2005 A <5 U <5 UJ <5 u <50 UJ 
IR02MW179A 09/23/2005 A <5 u <5 UJ <5 U <50 UJ 
IR02MW179A 01/12/2006 A <5 u <5 u <5 u <50 u 
IR02MW179A 03/17/2006 A <4.1 UJ <5 u <5 u <50 UJ 
IR02MW179A 03/17/2006 A <4.9 UJ <5 u <5 u <50 UJ 
IR02MW179A 06/06/2006 A 7.6 1.9 J <5 u <50 u 
IR02MW179A 12/08/2006 A 6 <5 UJ <5 UJ <50 UJ 
IR02MW179A 02/22/2007 A <1.9 u <5 u <5 u <50 u 
IR02MW179A 05/16/2007 A <5 u <5 u <5 U <50 u 
IR02MW179A 08/10/2007 A 1.7 J <5 u <5 u <50 u 
IR02MW179A 10/02/2007 A 2 J 5.7 J <5 UJ <50 UJ 
IR02MW179A 02/25/2008 A <1.4 u <5 UJ <5 UJ <50 UJ 
IR02MW179A 04/21/2008 A 2.8 J <3 u 3.4 J <50 u 
IR02MW179A 7/23/2008 A <5 u 14.7 <5 u <50 u 
I R02MW179A 3/17/2009 A 1.1 J . <5 u <5 u <50 u 
IR02MW209A 03/17/2005 A <5 u <5 UJ3 <5 UJ3 <50 UJ3 
IR02MW209A 06/24/2005 A <5 u 4.1 J <5 u <50 u 
IR02MW209A 06/24/2005 A <5 u 4.6 J <5 u <50 u 
IR02MW209A 09/26/2005 A <5 u 3.9 J <5 UJ <50 UJ 
IR02MW209A 01/12/2006 A <5 u ·<5 UJ <5 u <50 UJ 
IR02MW209A 03/17/2006 A <5 UJ <5 u <5 u <50 UJ 
IR02MW209A 06/05/2006 A 1.4 J 3.9 J <5 u <50 u 
IR02MW209A 09/06/2006 A <5 u <5 u <5 u <50 u 
IR02MW209A 09/06/2006 A <5 u <5 u <5 u <50 u 
IR02MW209A 12/08/2006 A <5 u <5 u <5 u <50 UJ 
IR02MW209A 12/08/2006 A <5 u <5 u <5 u <50 u 
IR02MW209A 02/22/2007 A <5 u <5 u <5 u <50 u 
IR02MW209A 05/16/2007 A <5 u <5 u <5 u <50 u 
IR02MW209A 08/10/2007 A <5 u <5 u <5 u <50 u 
IR02MW209A 10/02/2007 A 1.9 J 6.3 J <5 UJ <50 UJ 
IR02MW209A 02/21/2008 A <5 u <3.1 u <5 u <50 u 
IR02MW209A 04/22/2008 A 3 J 3 J 3.2 J 4.6 J 
IR02MW209A 7/23/2008 A <5 u 17.1 <5 u <50 u ··-
IR02MW209A 3/17/2009 A 0.77 J <5 u <5 u <50 u 
IR02MW300A 03/15/2005 A 36 <5 UJ3 6.2 J3 · 93.5 J3 
IR02MW301A 05/18/2007 A <5 u <5 UJ <5 UJ <50 UJ 

· IR02MW301A 08/10/2007 A <5 u <5 u <5 u <50 u 
IR02MW301A 10/02/2007 A 1.7 6.2 J I <5 UJ <50 UJ 

N -:\P-roj-ect-,12-005_Pr_oje-cls'-125_-04_9_N-avy-_H-PS-_E--2_-Rl•-FS-IB_-Ori-gin-als\-Pa-rce-1-E_-FS-I05-Rn-al\-Tab-les-\Tab-le-2•-t0_-rev-t.,-I,------------------,-- -•--·-: 
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Table 2-10. 

Sample 
ID No. 

0808D007 
0817G023 
.0830H035 
0830H036 
08410013 
0912H026 
0912H027 
0920W014 
0928B013 
0941H022 
0841B014 
0920B016 
0836G017 
0842G005 
0842G006 

· 0912W041 
0920W012 
0928B011 
0941W014 
0836G016 
0842G004 
0912W042 
0920W013 
0928B012 
0941W015 
0510G027 
0526T043 
0538T025 
0602V039 
0611J034 
0622D019 
0636B015 
0649B029 
0709W025 
0720N009 
0733J013 
0741G029 
0808E011 
0817E032 
0830H043 
0913W050 
0839G035 
0913B033 
0511G047 
0510G025 
0526G039 
0538A027 
0602H042 
0623T023 
0636D036 

Groundwater Analytical Results for Metals, March 2005 to October 2009 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, .California 

Location Sample Copper Lead Nickel . Zinc 
ID No. Date Aguifer (~9/L) (~9/L) (~9/L) (~9/L) . 

IR02MW301A 02/21/2008 A <5 u <5 u <5 u <50 u 
IR02MW301A 04/21/2008 A 4.2 J <2.4 u 3.3 J <50 u 
IR02MW301A 7/23/2008 A [·- <5 u 18.3 <5 u <50 u 
IR02MW301A 7/23/2008 A <5 u 16.5 <5 u <50 u 
IR02MW301A 10/8/2008 A <5 u NA NA <4.9 u 
IR02MW301A 3/17/2009 A <5 u <5 U <5 u <50 u 
IR02MW301A 3/17/2009 A <5 u <5 u <5 u <50 u 
IR02MW301A 5/13/2009 A <5 U NA NA <50 u 
IR02MW301A 7/7/2009 A <5 u NA - NA <50 u 
IR02MW301A 10/5/2009 A <1 u NA NA 18.8 J 

IR02MW373A 10/8/2008 A 10.5 1.9 J 281 1,530 
IR02MW373A 5/13/2009 A 957 23.6 941 7,51.~ 
IR02MW374A 9/3/2008 A <5 UJ 2.2 J 27.9 J 44.3 J 

IR02MW374A 10/13/2008 A <5 UJ <5 UJ 18.2 J <29.6 UJ 

IR02MW374A 10/13/2008 A <5 UJ <5 UJ 17.6 J <29 UJ 

IR02MW374A 3/19/2009 A <5 u <5 u 7.4 - <50 u 
IR02MW374A 5/13/2009 A <5 u <5 u 10.6 <50 u 
IR02MW374A 7/7/2009 A <5 u <5 UJ 9.9 J <2.4 u 
IR02MW374A 10/5/2009 A <1.5 u <5 u 11.4 16.3 J 

IR02MW375A 9/3/2008 A <5 UJ 1.9 J 13.9 J 88.8 J 

IR02MW375A 10/13/2008 A <5 UJ <5 UJ 6.7 J <17.1 UJ 

IR02MW375A 3/19/2009 A 4.6 J <5 u 1.3 J <50 u 
IR02MW375A 5/13/2009 A <5 u <5 u <4.9 u <50 u 
IR02MW375A 7/7/2009 A <5 u <5 UJ 1.2 J <50 u 
IR02MW375A 10/5/2009 A <5 u <5 u 17.3 37.1 J 

IR02MWB-1 03/10/2005 A 5.7 <5 u 19 <50 u 
IR02MWB-1 06/28/2005 A <5 u 4.2 J 32.2 50 
IR02MWB-1 09/21/2005 A <5 u 6.1 39.3 <50 U 

IR02MWB-1 01/12/2006 A <5 u <5 u 17.3 <50 u 
IR02MWB-1 03/16/2006 A 16.5 <5 u 19.9 <50 u 
IR02MWB-1 05/30/2006 A - <5 u 1.9 J 17.8 J <50 u 
IR02MWB-1 09/06/2006 A <5 u <5 u 10.1 <50 u 

· IR02MWB-1 12/07/2006 A 2.3 J <5 u 30.4 <50 u 
IR02MWB-1 02/28/2007 A 90.7 i <5 u 11.8 <50 u 
IR02MWB-1 05/17/2007 A 1.4 J <5 u 21.1 <50 u 
IR02MWB-1 08/13/2007 A 4.6 J <5 UJ 29.2 J <50 UJ 

IR02MWB-1 10/10/2007 A <5 u <5 u 13 40.3 J 

IR02MWB-1 02/21/2008 A <2.8 u <5 u 16.9 <50 u 
·1R02MWB~1 04/21/2008 A <5 u <5 u 15 <50 u 
IR02MWB-1 7/24/2008 A <5 u <5 UJ 22.5 J <50 UJ 

IR02MWB-1 3/23/2009 A 2.9 J <5 u 1.6 J <50 u 
IR02MWB-2 9/23/2008 A <5 u <5 u 170 6.8 
IR02MWB-2 3/23/2009 A <5 u <5 u 270 J <50 u -
IR02MWB-3 03/15/2005 A 12.1 <5 UJ3 13.2 J3 <50 UJ3 

IR03MW218A2 03/10/2005 A 6.7 5 5 50 
IR03MW218A2 06/27/2005 A <5 u 2.5 J 3.7 J <50 u 
IR03MW218A2 09/21/2005 A <5 u <5 u 3.7 J <50 u 
IR03MW218A2 01/10/2006 A <5 u <5 u <5 u <50 U 

IR03MW218A2 06/08/2006 A <5 u <5 u <5 u <50 U 

IR03MW218A2 09/06/2006 · A <5 u "<5 u 4.9 J <50 u 

-N:-\Pro-jec-ts\2_00_5 P-roj-ect-s\2-5-0-49_-Navy-_-HP-S_-E-2-_R-I-F-S\B-_O-rigi-nal-slP-ari:-el-E-_F-SI0-5F-ina-i\Ta-ble-stT_ab_le 2--10-_re-v\-.xls___________________ _:_:_:_:. 
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Table 2-10. 

Sample 
ID No. 

0650B043 
0709L012 
0719G001 
0734D035 
0741D035 
0810D051 
0823H060 
0511Z018 
0526G044 
0526G045 
0538T029 
0602V032 
0611S013 
0623P049 
0634G007 
0649B038 
0709G047 
0720W046 
0734H057 
0740D024 
0809E022 
0817E029 
0510G026 
0526G043 
0538A028 
0602H043 
0602H044 
0611S012 
0622S011 
0636D037 
0636D038 
0650W041 
0708L005 
0720G016 
0735W059 
0741G024 
0809D031 
0817E034 
0509G009 
0526T039 
0537T010 
0537T011 
0602D039 
0611J032 
0611J033 
0622T013 
0649D036 
0708G030 
0719W020 
0734D031 

Groundwater Analytical Results for Metals, March 2005 to October 2009 (continued) 
Fea~ibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

· Location Sample Copper Lead Nickel Zinc 
. ID No. Date AQuifer (µg/L) (µg/L) Cua/L) (µg/L) 

IR03MW218A2 12/12/2006 A <5 u <5 UJ <5 UJ <6.9 UJ 

IR03MW218A2 02/27/2007 A <5 u <5 u <5 u 7.9 J 

IR03MW218A2 05/10/2007 A <3.1 u <5 UJ 4.1 J 4.4 J 

IR03MW218A2 08/21/2007 A 1.7 J <5 UJ <5 UJ <50 UJ 

IR03MW218A2 10/08/2007 A 2,3 J <5 u 5.1 <50 u 
IR03MW218A2 03/04/2008 A <5 u <5 u <5 u <50 u 
IR03MW218A2 06/04/2008 A <5 u <5 u 2.1 J <50 u 
IR03MW224A 03/15/2005 A <2.3 U2 <5 u <5 u <50 u 
IR03MW224A 06/28/2005 A <5 u <5 u <5 u <50 u 
IR03MW224A 06/28/2005 A <1.2 U1 <5 u <5 u <50 u 
IR03MW224A 09/22/2005 A <5 UJ <5 UJ <5 UJ <50 UJ 

IR03MW224A 01/10/2006 A <5 u <5 u <5 u <50 u 
IR03MW224A 03/14/2006 A 3 J <5 u <5 u <50 u 
IR03MW224A 06/06/2006 A <5 u <5 u <5 u <50 U 

IR03MW224A 08/25/2006 A <5 u <5 u 4.7 J <50 u 
IR03MW224A 12/08/2006 A <5 u <5 UJ <5 UJ <50 UJ 

IR03MW224A 02/28/2007 A <5 u <5 u <5 u <50 u 
IR03MW224A 05/18/2007 A <5 u <5 UJ 4.4 J <50 UJ 

IR03MW224A 08/20/2007 A 1.7 J <5 u <5 u <50 UJ 

IR03MW224A 10/04/2007 A <5 u <5 UJ <5 UJ <50 UJ 

IR03MW224A 02/27/2008 A <1.2 u <5 u <5 u <50 u --
IR03MW224A 04/21/2008 A 1.4 J <5 u 2.8 J <50 u 
IR03MW342A 03/10/2005 A 4.3 J <5 u <5 u <50 u 
IR03MW342A 06/28/2005 A 3.8 J <5 u 7.7 <50 U 

IR03MW342A 09/21/2005 A <5 u <5 u <5 u <50 u 
IR03MW342A 01/10/2006 A 14.9 <5 u <5 u <50 u 
IR03MW342A 01/10/2006 A 15 <5 u <5 u <50 u 
IR03MW342A 03/14/2006 A · 61.6 <5 u <5 u <50 u 
IR03MW342A 06/01/2006 A <5 u <5 u <5 u <50 u 
IR03MW342A 09/06/2006 A <5 u <5 u <5 u <50 u 
IR03MW342A 09/06/2006 A <5 u <5 u <5 u <50 u 
IR03MW342A 12/11/2006 A 4.6 J <5 UJ <5 UJ <6.2 UJ 

IR03MW342A 02/22/2007 A <1.4 u <5 u <5 u <50 u 
IR03MW342A 05/15/2007 A <5 u <5 u <5 u 5.8 J 

IR03MW342A 08/27/2007 A <3.2 u <5 u <5 u <50 U 

IR03MW342A 10/08/2007 A 1.2 J <5 u <5 u <50 u 
IR03MW342A 02/28/2008 A <5.4 u <5 u <5 u <6.9 u 
IR03MW342A 04/22/2008 A <5 u <5 u 3.9 J 7.3 J 

IR04MW13A 03/03/2005 A 2.2 J <5 u 30.1 <50 U 

IR04MW13A 06/27/2005 A <5 u <5 u 30.1 <50 u 
IR04MW13A 09/15/2005 A <5 u 2.9 J 23.2 <50 u 
IR04MW13A 09/15/2005 A <5 u 3.8 J 23.6 <50 u 
IR04MW13A 01/11/2006 A <5 u <5 u 26.6 <50 u 
iR04MW13A 03/16/2006 A 2.2 J <5 u 29.5 <50 u 
IR04MW13A 03/16/2006 A 2.3 J <5 u 32.5 <50 u 
IR04MW13A. 05/31/2006 A <5 u <5 u 27.4 <50 u 
IR04MW13A 12/07/2006 A 1.3 J <5 u 19.4 J · <50 UJ 

IR04MW13A 02/21/2007 A <2.6 u <5 u 22.8 <50 u 
IR04MW13A 05/10/2007 A <5 u <5 UJ 23.6 J <50 UJ 

IR04MW13A I 08/20/2007 A 1.3 J I <5 u I 25.3 <50 UJ 
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Table 2-10. Groundwater Analytical Results for Metals, March 2005 to October 2009 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California · 

Sample Location Sample Copper Lead Nickel Zinc 
ID No. ID No. Date Aquifer (µg/L) (µg/L) (µg/L) (µg/L) 

07410034 IR04MW13A 10/08/2007 A <5 u 2.4 J · 24.5 · <50 u 
0809H025 IR04MW13A 02/27/2008 A <2.1 u <5 u 25.4 <50 u 
0830H028 IR04MW13A . 7/22/2008 A <5 u <6.8 U 23.4 <50 U 
0912N016 IR04MW13A 3/16/2009 A <5 u <5 u 24.6 <50 u 
0916P013 IR04MW13A 4/16/2009 A <5 u <5 u 25.2 <50 u 
0509G004 IR04MW36A 03/02/2005 A 1.6 J <5 UJ3 4.1 J3 <50 UJ3 
0524T014 IR04MW36A 06/16/2005 A <5 u <5 u <5 u <50 u 
0536T003 I R04MW36A 09/08/2005 A <5 U <5 u <5 U <50 u 
0601T023 IR04MW36A 01/05/2006 A <5 U <5 u <5 U <50 UJ 
0612H046 IR04MW36A 03/22/2006 A <2.5 U <5 U <5 u <50 U 
0622T012 IR04MW36A 05/31/2006 A <5 U <5 u <5 u <50 u 
0648G018 IR04MW36A . 11/28/2006 A <5 u <5 u <5 u <2.3 u 
0708G038 IR04MW36A 02/22/2007 A <5 u <5 u <5 u <50 u 
0718J007 IR04MW36A 05/01/2007 A <5 u <5 u · <5 u <50 u --------1--------+-----..C.-'----I----+-------- '----+-----+--.. , ..... 
0734H071 IR04MW36A 08/23/2007 A <5 u <5 U <5 u <50 u 
0741N003 IR04MW36A 10/08/2007 A <5 u <5 U <5 u <5 u 
0809D012 IR04MW36A 02/25/2008 A <5 U <5 UJ <5 UJ <50 UJ 
0830H031 IR04MW36A 7/22/2008 A <5 u <5 u <5 u <50 u 
0912W027 IR04MW36A 3/16/2009 A <5 u <5 u 0.58 J 5.6 J 
0829G018 IR04MW37A 7/18/2008 A <5 U <5 UJ' 5.4 J <50 U 
0911B027 IR04MW37A 3/13/2009 · A <5 u <5 U 0.58 J <50 u 
0830E048 IR04MW40A 7/25/2008 A <5 U <5 UJ 33.5 J <50 UJ 
0911B030 IR04MW40A 3/13/2009 A <5 u <5 u 52.9 <51 u 
0721J064 PA36MW02A 05/21/2007 A <5 U <5 u 18.5 <50 u 
0920B016 IR02MW373A 5/13/2009 A 957 23.6 941 7,540 R 

0916H011 IR05MW85A 4/15/2009 A 3J NA NA 9.7J 
0839G034 IR12MW11A 9/23/2008 A <5 u <5 u 2.6 <50 u 
0912W037 IR12MW11A 3/17/2009 A 2.9 J· <5 u 24.8 <50 u 
0916P014 IR12MW11A 4/16/2009 A <5 U <5 U 14 <50 U 
0916H005 IR12MW13A 4/14/2009 A NA NA 5.1 NA 
0830D020 IR12MW14A 7/21/2008 A <5 U <7.5 U 1.5 J .... .,.1 ___ <5_0_u_ 
0911D026 IR12MW14A 3/13/2009 A 1.1 J <5 u 0.72 J , 6.4 J 
0830D027 IR 12MW1 BA 7/23/2008 A <5 U <5 u 141 <50 U ---------+--------------+------+-------+-----1------
0841H015 IR12MW18A 10/8/2008 A .. NA NA 136 NA 
0911W025 IR12MW18A 3/13/2009 A <5 U <5 u 129 <50 u 
0916H003 IR12MW18A 4/14/2009 A <5 u <5 u 123 <50 u 
0928W013 IR12MW18A 717/2009 A NA NA 141 NA 
0941H019 IR12MW18A 10/5/2009 A NA NA 152 NA 
0831E059 IR14MW10A 7/29/2008 A <5 u <5 U <5:3 u <50 u 
0912H040 IR14MW10A 3/20/2009 A 2.5 J <5 u <5 U , <50 u 
0829G019 IR36MW12A 7/18/2008 A <25 U <25 UJ <2.1 UJ ·-1 --2-7-.1--J --1--------,---------------1------------------
0911 B031 I R36MW12A 3/13/2009 A <5 u <5 u <5 u <50 u 
0830D029 PA36MW03A 7/23/2008 A 219 <7 u 10.9 425 
0912W048 PA36MW03A 3/20/2009 A 94.4 <5 U 4.7 J 164 J 
0916H008 PA36MW03A 4/15/2009 A . 412 NA NA 1,050 
051 OR032 IR03MW373B 03/10/2005 B 1.5 J <5 u <5 U <50 u 
0526G046 IR03MW373B 06/28/2005 B <2.4 U1 <5 UJ3 <5 UJ3 <50 UJ3 
0538A040 IR03MW373B 09/23/2005 B <1.1 U <5 UJ <5 U ' <50 UJ 
0602H041 IR03MW373B 01/09/2006 B <5 u <5 u <5 u <50 U . ------------+-------+--------+--·----<,------·-·-----
0611 S026 IR03MW373B , 03/17/2006 B , <2.4 UJ <5 U <5 U <50 UJ 
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Table 2-10. Groundwater Analytical Results for Metals, March 2005 to October 2009 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

! . 

Sample Location· Sample Copper Lead 
ID No. ID No.· Date Aguifer {~g/L) !~g/L) 

0623P056 IR03MW373B 06/08/2006 B 1.7 J <5 u 
0634G006 IR03MW373B 08/25/2006 B <5 u <3 u 
0649G031 IR03MW373B 12/04/2006 B <5 u <5 u 
0709G048 IR03MW373B 02/28/2007 B <5 u <5 u 
0720A055 IR03MW373B 05/17/2007 B <5 u <5 UJ 

0735W060 IR03MW373B 08/27/2007 B <5 u <5 u 
0740D023 IR03MW373B 10/04/2007 B 1.8 J <5 UJ 

0809E020 IR03MW373B 02/27/2008 B <1.2 u <5 u 
0809E021 IR03MW373B 02/27/2008 B <1.7 ,u <5 u 
0817E028 IR03MW373B 04/21/2008 B 1.4 J <1.8 u 

Notes: 
J = estimated value 

J3 = compound is estimated because accuracy was exceeded in matrix spike, blank spike, or surrogate spike 

J9 = metals result consid_erJd ~stimated because interference check sample 

NA = not analyzed for 

R = rejected value 

U = nondetected (numeric value is reporting limit) 

UJ = nondetected (numeric value is reporting limit), estimated value 

µg/L = micrograms per liter 

Nickel Zinc 
!~g/L) !~g/L) 

<5 u <50 u 
<5 u <50 u 
<5 u <50 u 
<5 u <50 u 
<5 UJ <6.8 UJ 

<5 u <50 u 
<5 UJ <50 UJ 

<5 u <6.9 u 
<5 u <7.6 u 

0.7 J <8.6 u 
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Table 2-11. Groundwater Analytical Results for PCBs, March 2005 to October 2009 . 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Aroclor-1254 gamma-Chlordane 

Samele ID No. Location ID No. Samele Date Aguifer (µg/L) (µg/L) 
05112021 I IR02MW300A 03/15/2005 A NA <0.05 u 
0720J061 IR02MW301A 05/18/2007 A NA <0.05 u 
0732D009 IR02MW301A 08/10/2007 A NA <0.05 u 
0740D007 IR02MW301A 10/02/2007 A NA <0.05 u 
0808D007 IR02MW301A 02/21/2008 A NA <0.05 u 

·-0817G023 
--~-

04/21/2008 A- NA NA IR02MW301A 
0511G047 IR02MWB-3 03/15/2005 A NA <0.05 u 
0836G017 IR02MW374A 9/3/2008 A <0.5 UJ NA 
0842G005 IR02MW374A 10/13/2008 A <0.5 u NA 
0842G006 IR02MW374A 10/13/2008 A <0.5 u NA 
0912W041 IR02MW374A 3/19/2009 A <0.5 U NA 
0920W012 IR02MW374A 5/13/2009 A <0.5 u NA 
0928B011 IR02MW374A 7/7/2009 A <0.5 u NA 
0941W014 IR02MW374A 10/5/2009 A <0.5 u NA 
0836G016 IR02MW375A 9/3/2008 A <0.5 UJ NA 
0842G004 IR02MW375A 10113i2008 A <0.5 UJ NA 
0912W042 IR02MW375A 3/19/2009 A <0.5 u NA 
0920W013 · IR02MW375A . 5/13/2009 A <0.5 UJ NA 
0928B012 IR02MW375A 7/7/2009 A <0.5 u NA 
0941W015 IR02MW375A 10/5/2009 A <0.5 u NA 
0510G025 IR03MW218A2 03/10/2005 A 0.5 NA 
0526G039 IR03MW218A2 06/27/2005 A <0.5 u NA 
0538A027 IR03MW218A2 09/21/2005 A <0.5 U NA 
0602H042 IR03MW218A2 I 01/10/2006 A <0.5 U NA 
0623T023 I IR03MW218A2 i 06/08/2006 A <0.5 u NA 
0636D036 IR03MW218A2 I 09/06/2006 A <0.5 u · NA 
0650B043 IR03MW218A2 12/12/2006 A <0.5 u NA 
0709L012 IR03MW218A2 02/27/2007 A <0.5 u NA 
0719G001 , IR03MW218A2 05/10/2007 A <0.5 u NA 

. 0734D035 IR03MW218A2 08/21/2007 A <0.5 UJ I NA 
07410035 IR03MW218A2 10/08/2007 A <0.5 u I NA 
0810D051 IR03MW218A2 03/04/2008 A <0.5 u NA 
0823H060 IR03MW218A2 06/04/2008 A <0.5 u NA 
05112018 IR03MW224A 03/15/2005 A <0.5 u NA 
0526G044 l. IR03MW224A. 

I 
06/28/2005 A <0.5 u NA 

" 
0526G045 IR03MW224A 06/28/2005 A <0.5 u NA 
0538T029 IR03MW224A ' 09/22/2005 A <0.5 UJ NA 
0602V032 IR03MW224A 01/10/2006 A <0.5 u NA 
0611S013 IR03MW224A 03/14/2006 A <0.5 u NA 
0623P049 IR03MW224A 06/06/2006 A <0.5 u NA 
0634G007 IR03MW224A 08/25/2006 A <0.5 u NA 
0649B038 IR03MW224A 12/08/2006 A <0.5 u NA 
0709G047 IR03MW224A I 02/28/2007 A <0.5 u NA 
0720W046 IR03MW224A 05/18/2007 A <0.5 u NA 
0734H057 I IR03MW224A 08/20/2007 A <0.5 UJ 

I . NA 
0740D024 IR03MW224A r 10/04/2007 A <0.5 u NA 
0809E022 IR03MW224A 02/27/2008 A <0,5 UJ NA 
0817E029 IR03MW224A 04/21/2008 A <0.5 u NA 
0510G026 IR03MW342A ' 03/10/2005 A NA <0.05 u 
0526G043 IR03MW342A 06/28/2005 A NA <0.05 u 
0538A028 IR03MW342A 09/21/2005 A NA <0.05 u 
0602H043 IR03MW342A 01/10/2006 A NA <0.05 u 
0602H044 IR03MW342A 01/10/2006 A NA <0.05 u 
0611S012 IR03MW342A I 03/14/2006 A NA <0.05 u ··--
0622S011 i IR03MW342A ! 06/01/2006 A NA I <0.05 U 
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Heptachlor Epoxide 

(µg/L) 
<0.05 u 
<0.05 u 
<0.05 u 
<0.05 u 
<0.05 u 
<0.05 u 
<0.05 u 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

. NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

<0.05 u 
<0.05 u 
<0.05 U 

<0.05 u 
<0.05 u 
<0.05 u 

i <0.05 u 
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Table 2-11. Grou_ndwater Analytical Results for PCBs, March 2005 to October 2009 (continued) 
Feasi~ility Study R,eport for Parcel E, Hunters Point Shipyard, San Francisco, California 

Aroclor-1254 gamma-Chlordane Heptachlor Epoxide 

Sample ID No. Location ID No . Sample Date Aquifer. (µg/L) (µg/L) (µg/L) 
. 0636D037 IR03MW342A 09/06/2006 A NA <0.05 u <0.05 u 

0636D038 IR03MW342A 09/06/2006 A NA <0.05 u <0.05 u 
0650W041 IR03MW342A 12/11/2006 A NA <0.05 UJ <0.05 u 
0708L005 IR03MW342A 02/22/2007 A NA <0.05 u <0.05 u 
0720G016 IR03MW342A 05/15/2007 A NA <0.05 u <0.05 u 
0735W059 IR03MW342A 08/27/2007 A NA <0.05 u <0.05 u 
0741G024 IR03MW342A 10/08/2007 A NA <0.05 u <0.05 u 
0809D031 IR03MW342A 02/28/2008 A NA <0.05 u <0.05 u 
0817E034 IR03MW342A 04/22/2008 A NA NA <0.05 u 
0509G009 IR04MW13A 03/03/2005 A <0.5 u <0.05 u <0.05 u 
0526T039 IR04MW13A 06/27/2005 A <0.5 u <0.05 u <0.05 u 
0537T010 IR04MW13A 09/15/2005 A <0.5 u <0.05 u <0.05 u 
0537T011 IR04MW13A 09/15/2005 A <0.5 u <0.05 u <0.05 u 
0602D039 IR04MW13A 01/11/2006 A <0.5 u <0.05 u <0.05 u 
0611J032 IR04MW13A 03/16/2006 A <0.5 u <0.05 u <0.05 u 
0611J033 IR04MW13A 03/16/2006 A <0.5 u <0.05 u <0.05 u 
0622T013 IR04MW13A 05/31/2006 A <0.5.U <0.05 u <0.05 u 
0649D036 IR04MW13A 12/07/2006 A <0.5 u <0.05 UJ <0.05 UJ 
0708G030 IR04MW13A 02/21/2007 A <0.5 u <0.05 u <0.05 u 
0719W020 IR04MW13A 05/10/2007 A <0.5 u <0.05 u <0.05 u 
0734D031 IR04MW13A 08/20/2007 A <0.5 U <0.05 u <0.05 u 
0741D034 IR04MW13A 10/08/2007 A <0.5 UJ <0.05 u <0.05 u 
0809H025 IR04MW13A 02/27/2008 A <0.5 UJ <0.05 u <0.05 u 
0823H062 IR04MW13A 6/4/2008 A <0.5 U <0.05 U <0.05 u 
0830H028 IR04MW13A 7/22/2008 A <0.5 u <0.05 u <0.05 u 
0912N016 IR04MW13A 3/16/2009 A <0.5 u <0.05 u <0.05 u 
0916P013 IR04MW13A 4/16/2009 A <0.5 u <0.05 u <0.05 u 
0509G004 IR04MW36A 03/02/2005 A <0.5 u <0.05 u <0.05 u 
0524T014 IR04MW36A 06/16/2005 A <0.5 u <0.05 u <0.05 u 
0536T003 IR04MW36A 09/08/2005 A <0.5 u <0.05 u <0.05 U 
0601T023 IR04MW36A 01/05/2006 A <0.5 u <0.05 u <0.05 u 
0612H046 IR04MW36A 03/22/2006 A <0.5 u <0.05 UJ <0.05 u 
0622T012 IR04MW36A 05/31/2006 A <0.5 u <0.05 U <0.05 u 
0648G018 . IR04MW36A 11/28/2006 A <0.5 u <0.05 u · <0.05 u 
0708G038 IR04MW36A 02/22/2007 A <0.5 u <0.05 u <0.05 u 
0718J007 IR04MW36A ! 05/01/2007 A <0.5 u <0.05 u <0.05 u 
0734H071 IR04MW36A 08/23/2007 A <0.5 UJ <0.05 UJ <0.05 UJ 
0741N003 IR04MW36A 10/08/2007 A <0.5 UJ <0.05 u <0.05 u 
0809D012 IR04MW36A 02/25/2008 A <0.5 u <0.05 u <0.05 u 
0830H031 IR04MW36A 7/22/2008 A <0.5 u <0.05 u <0.05 u 
0912W027 IR04MW36A 3/16/2009 A <0.5 u <0.05 u <0.05 u 
0839G034 IR12MW11A 9/23/2008 A <0.5 u <0.05 u <0.05 u 
0912W037 IR12MW11A 3/17/2009 A <0.5 u <0.05 u <0.05 u 
0916P014 IR12MW11A 4/16/2009 A <0.5 u <0.05 u <0.05 u 
0509R005 IR12MW17A 03/02/2005 A NA <0.05 u <0.05 u 
0525T026 IR12MW17A 06/21/2005 A NA <0.05 u <0.05 u 
0509R005 IR12MW17A 03/02/2005 A <5 u <0.05 u <0.05 u 
0525T026 IR12MW17A 06/21/2005 A <1 UJ3 <0.05 u <0.05 u 
0831E059 IR14MW10A 7/29/2008 A <0.5 u NA NA 
0912H040 IR14MW10A 3/20/2009 A <0.5 u NA NA 
0830E033 IR14MW13A 7/23/2008 A <0.5 UJ NA NA 
05132028 IR36MW17A 03/29/2005 A NA <0.05 u <0.05 u 
0526D037 IR36MW17A 06/29/2005 A NA <0.05 u <0.05 u 
0538T030 IR36MW17A 09/22/2005 A NA <0.05 u <0.05 u 
0602H050 I IR36MW17A ' 01/12/2006 A NA I <0.05 u <0.05 u ! 
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Table 2-11. 

I 

Groundwater Analytical Results for PCBs, March 2005 to October 2009 (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

I 
Aroclor-1254 gamma-Chlordane Heptachlor Epoxide 

Samele ID No. Location ID No. Samele Date Aguifer {µg/L). 
0612M038 IR36MW17A 03/21/2006 A NA 
0612M039 IR36MW17A 03/21/2006 A NA 
0623M030 I IR36MW17A 06/07/2006 A NA 
0623M031 IR36MW17A 06/07/2006 A NA 
0649D035 

I 
IR36MW17A 12/06/2006 A NA 

0712D021 IR36MW17A 03/20/2007 A NA 
0719W023 IR36MW17A 05/11/2007 A NA 
0719W024 IR36MW17A 05/11/2007 A NA 
0734D050 IR36MW17A 08/23/2007. A NA 
0740W028 IR36MW17A 10/05/2007 A NA 
0809E018 IR36MW17A 02/27/2008 A NA 
0809E019 IR36MW17A 02/27/2008 A NA 
0511R044 PA36MW01A 03/15/2005 A NA 
0525T035 I PA36MW01A 06/24/2005 A NA 
0525T036 PA36MW01A 06/24/2005 A NA 
0538S047 I PA36MW01A 09/23/2005 A NA 
0538S048 : PA36MW01A 09/23/2005 A NA 
06020042 i PA36MW01A . 01/11/2006 A NA 
0612H042 PA36MW01A 03/21/2006 A NA 
0623M027 PA36MW01A 06/06/2006 A I NA 
0623M028 PA36MW01A 06/06/2006 A NA 
0648D027 PA36MW01A 12/01/2006 A NA 
0708H030 PA36MW01A 02/21/2007 A NA 
0708H031 PA36MW01A 02/21/2007 A NA 
0511 G048 IR02MW127B 03/15/2005 B <0.5 u 
0510R032 IR03MW373B 03/10/2005 B <0.5 u 
05268046 IR03MW373B 06/28/2005 B <0.5 u 
0538A040 IR03MW373B 09/23/2005 B <0.5 u 
0602H041 I IR03MW373B 01/09/2006 B <0.5 u 
0611S026 IR03MW373B 03/17/2006 B <0.5 u 
0623P056 IR03MW373B 06/08/2006 B <0.5 u 
0634G006 IR03MW373B 08/25/2006 B <0.5 u 
0649G031 IR03MW373B 12/04/2006 B <0.5 u 
0709G048 IR03MW373B 02/28/2007 B <0.5 u 
0720A055 I IR03MW373B 05/17/2007 B j <0.5 u 

'"J, 
0735W060 I IR03MW373B 08/27/2007 B l <0.5 UJ 
0740D023 

' 
IR03MW373B 10/04/2007 B I <0.5 u 

0809E020 IR03MW373B 02/27/2008 B <0.5 UJ 
0809E021 IR03MW373B 02/27/2008 B <0.5 UJ 
0817E028 IR03MW373B 04/21/2008 B <0.5 u 

Notes: 

J3 = compound is estimated because accuracy was exceeded in matrix spike, blank spike, or surrogate spike 

NA = not analyzed for 

U = nondetected (numeric value is reporting limit) 

UJ = nondetected (numeric value is reporting limit), estimated value 

µg/L = micrograms per liter 
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{µg/L) {µg/L) 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 UJ <0.05 UJ 
<0.05 u <0.05 U 
<0.05 u <0.05 u 
<0.05 u <0.05 U 
<0.05 UJ <0.05 UJ 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 U <0.05 u 
<0.05 u <0.05 U 
<0.05 u <0.05 u -
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 U <0.05 u 
<0.05 u <0.05 UJ 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 

. ' ._<0.05.U. <0.05 U 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 
<0.05 u <0.05 u 

I NA <0.05 u 
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Table 2-12. Groundwater Analytical Results for TPH, March 2005 to October 2009 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

DRO 
Sample Location Sample Gasoline TPH-DRO Unknown TPH-ORO 
ID No. ID No. Date Aquifer (µg/L) (µg/L) (µg/L) I (µg/L) 

0511G050 1 IR02MW126A 03/17/2005 A 16 J 890 H, NA ' 1,300 
0526G049 IR02MW126A 06/29/2005 A 69 1,100 NA 1,500 
0538A043 IR02MW126A 09/23/2005 A <20 u 990 H NA 1,000 
0602T033 IR02MW126A 01/10/2006 A 16 J 490 H NA I 1,400 
0611J035 IR02MW126A 03/17/2006 A <20 u <760 UH NA 1,400 
0623D040 IR02MW126A 06/06/2006 . A 27 z 580 H NA . 1,000 
0649G043 IR02MW126A 12/06/2006 A <20 u 520 JH NA 1,200 
0709W026 IR02MW126A 02/28/2007 A <20 u 550 JH NA 1,500 
0720J051 IR02MW126A 05/14/2007 A 23 660 J NA 1,400 
0732J005 IR02MW126A 08/10/2007 A 29 I 690 J NA 1,500 
0740W013 IR02MW126A 10/03/2007 A 23 700 J NA 1,500 
0808E010 IR02MW126A 02/21/2008 A 29 J . 730 NA 1,600 
0817H036 IR02MW126A 04/21/2008 A 24 710 NA 1,500 
0830D021 IR02MW126A. 7/21/2008 A NA 780 NA 1:100 
0912W038 IR02MW126A 3/17/2009 A NA 1,100 NA , 2,000 
0836G017 IR02MW374A 9/3/2008 A. NA 230 NA 210 
0842G005 IR02MW374A 10/13/2008 A NA 110 NA 150 
0842G006 IR02MW374A 10/13/2008 A NA 91 NA 110 
0836G016 IR02MW375A 9/3/2008 A NA 630 NA 990 
0842G004 IR02MW375A 10/13/2008 A NA 350 NA 700 
0511G047 IR02MWB-3 03/15/2005 A <20 u 640 H NA 970 
0510G025 IR03MW218A2 03/10/2005 A 540 7,800 NA 4,400 J38 

0526G039 IR03MW218A2 06/27/2005 A 460 J3 7,200 NA 4,000 
0538A027 IR03MW218A2 09/21/2005 A 330 H 7,700 NA 4,500 
0602H042 IR03MW218A2 01/10/2006. A 390 H I 6,800 NA 3,800 J 

0623T023 IR03MW218A2 06/08/2006 A 300 JH I 9,200 J NA I 4,100 J 

0636D036 IR03MW218A2 09/06/2006 A 340 H 7,600 H NA . 4,400 
0650B043 IR03MW218A2 · 12/12/2006 A 210 z 6,800 H NA 5,600 J 

0709L012 IR03MW218A2 02/27/2007 A 270 JZ 8,100 z NA 5,000 
0719G001 IR03MW218A2 05/10/2007 A 270 J 6,800 NA 4,300 
0734D035 IR03MW218A2 08/21/2007 A 370 7,900 J NA 5,500 J 

0741D035 IR03MW218A2 10/08/2007 A 340 J 9,000 J NA 6,200 
0810D051 IR03MW218A2 03/04/2008 A 250 J 9,300 NA 5,500 
0823H060 IR03MW218A2 06/04/2008 A 140 6,900 NA 2,900 J 

0509G009 IR04MW13A 03/03/2005 A 90 50 NA i 500 
0526T039 IR04MW13A 06/27/2005 A 73 50 NA 500 
0537T010 IR04MW13A 09/15/2005 A 120 98 H NA <500 u 

0537T011 IR04MW13A 09/15/2005 A 130 78 H NA <500 u 

0602D039 IR04MW13A 01/11/2006 A 100 <50 u NA <500 u 

0611J032 IR04MW13A 03/16/2006 A 110 <50 u NA <500 u --
0611J033 IR04MW13A 03/16/2006 A 110 250 HJ NA : <500 u 

0622T013 IR04MW13A 05/31/2006 A 110 z <50 u NA <500 u 

0649D036 IR04MW13A 12/07/2006 A 98 z <50 UJ NA <500 u 

0708G030 IR04MW13A 02/21/2007 A 74 z <50 u NA <500 u 

0719W020 IR04MW13A 05/10/2007 A · 79 
I <50 u NA 

I <500 u I i ,,,,,.. 

0734D031 IR04MW13A 08/20/2007 A 100 · <50 UJ NA <500 u 

0741D034 IR04MW13A 10/08/2007 A 99 <50 UJ NA <500 u 

0809H025 IR04MW13A 02/27/2008 A 77 <50 u NA <500 u 
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Total TPH 
(µg/L) 
2,206 
2,669 
1,990 
1,906 
1,400 
1;607 
1,720 
2,050 
2,083 
2,219 
2,223 
2,359 · 
2,234 
2,480 
3,100 

440 
260 
201 

1,620 
1,050 
1,610 

12,740 
11,660 
12,530 
10,990 
13,600 
12,340 
12,610 
13,370 
11,370 
13,770 
15,540 
15,050 
9,940 

640 
623 
218 
208 
100 
110 
360 
110 
98 
74 

. 79 

100 
99 

I 77 
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Table 2.:12. Groundwater Analytical Results for TPH, March 2005 to October 2009 (continued) 
Feasibility Study Report for Parcel E; Hunters Point Shipyard, San Francisco, California 

ORO 

Sample Location Sample Gasoline TPH-DRO Unknown TPH-ORO 

ID No. ID No. Date Aquifer (µQ/Ll (µg/L) lua/L) (µg/L) 
0823H062 IR04MW13A 6/4/2008 A NA I <50 u NA ' <500 u l 

0830H028 IR04MW13A 7/22/2008 A NA 95 NA 92 J 

0912N016 IR04MW13A 3/16/2009 "A NA <40 u NA <40 u 

0916P013 IR04MW13A 4/16/2009 A NA 62 NA 100 
0509G004 IR04MW36A 03/02/2005 A 46 H 590 J3 NA 500 
0524T014 IR04MW36A 06/16/2005 A <31 U2 260 NA 500 
0536T003 IR04MW36A 09/08/2005 A <20 u 130 H NA 130 J 

0601T023 IR04MW36A 01/05/2006 A <20 u <50 u NA <500 u 

0612H046 IR04MW36A 03/22/2006 A <20 u 190 H NA 190 J 

0622T012 IR04MW36A 05/31/2006 A <20 u <50 u NA <500 u 

0648G018 IR04MW36A 11/28/2006 A <20 u <50 UJ NA <500 u 

0708G038 IR04MW36A 02/22/2007 A <20 u 200 H NA 350 J 

0718J007 IR04MW36A 05/01/2007 A <20 u <50 UJ NA <500 u 

0734H071 IR04MW36A 08/23/2007 A <20 u <50 u NA <500 u 

0741N003 IR0t4MW36A 10/08/2007 A <20 u 340 J NA 480 J 

0809D012 IR04MW36A 02/25/2008 A <20 u 130 NA <500 u 

0830H031 IR0'4MW36A 7/22/2008 A NA 460 NA 320 J 

0912W027 IR04MW36A 3/16/2009 A NA 120 NA 140 
0839G034 IR12MW11A 9/23/2008 A NA 100 NA 150 
0912W037 IR1'2MW11A 3/17/2009 A NA 220 NA 510 
0916P014 IR12MW11A 4/16/2009 A NA 110 NA 250 
0509R005 IR12MW17A 03/02/2005 A 200 H 1,500 J3 NA 1,900 
0525T026 IR12MW17A 06/21/2005 A 180 1,800 NA 1,500 
0830E033 IR14MW13A 7/23/2008 A NA <820 u NA <850 UJ 

0511R040 IR3.6MW12A 03/14/2005 A <20 u 450 NA 370 J 

0526T040 IR3'6MW12A 06/27/2005 A <20 u 390 NA 320 J 

0526T041 IR36MW12A 06/27/2005 A <20 u 360 NA 310 J 

0539A046 IR3.6MW12A 09/26/2005 A <20 u 340 NA 200 
0539A047 IR36MW12A 09/26/2005 A <20 u 320 NA 190 
0602V035 IR36MW12A 01/11/2006 A <20 u 140 NA <500 u 
0602V036 IR36MW12A 01/11/2006 A <20 u 150 NA <500 u 

0623S017 IR36MW12A 06/05/2006 A <20 u 270 H NA <500 u 

0623S018 IR36MW12A 06/05/2006 A <20 u 310 H NA <500 u 

0649H018 IR36MW12A 12/05/2006 A <20 u 400 H NA 320 J 

0709W023 ! IR36MW12A 02/27/2007 A <20 u 420 JH NA 810 
0720B004 IR36MW12A 05/17/2007 A <20 u 410 J NA 390 J 

0734D045 IR36MW12A 08/23/2007 A <20 u 410 NA 400 J 

0740H021 . IR36MW12A 10/03/2007 A <20 u 320 J NA 320 J 

0809E034 IR36MW12A 02/29/2008 A <20 u 400 NA 430 J 

0817E041 IR36MW12A 04/22/2008 A <20 u 450 NA 290 J 

0829D017 IR36MW14A 7/18/2008 A NA 110 NA 140 
0914G010 IR36MW14A 3/30/2009 A NA 95 NA 150 
0511G046 IR56MW39A 03/15/2005 A 200 520 NA 440 J 

0526D036 IR56MW39A 06/28/2005 A 170 640 NA 510 
0539T037 IR56MW39A 09/26/2005 A 350 !- 540 NA .. 320 
0602T030 IR56MW39A 01/09/2006 A 170 300 L NA <500 u 

0612H050 IR56MW39A 03/23/2006 A 170 540 NA 310 J 

0612H051 IR56MW39A 03/23/2006 A I 150 560 NA 300 J I 
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• 
Total TPH 

lua/L) 
0 

187 
0 

162 
1,136 

760 
260 
<500 u 

380 
<500 u 

<500 u 

550 
<500 u 

<500 u 

820 
130 
780 
260 
250 
730 
360 

3,600 
3,480 

0 
820 
710 
670 
540 
510 
140 
150 
270 
310 
720 

1,230 
800 
810 
640 
830 
740 
250 
245 

1,160 
1,320 
1,210 

470 
1,020 
1,010 

• 
ERRG 
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Table 2-12. Groundwater Analytical Results for TPH, March 2005 to October 2009 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

I ! 

I 

ORO 
Sample Location Sample Gasoline TPH-DRO Unknown 
ID No. ID No. Date Aquifer 

0623S025 IR56MW39A 06/07/2006 A 
0623S026 IR56MW39A 06/07/2006 A 
0649W035 IR56MW39A 12/07/2006 A 
0708H027 IR56MW39A 02/20/2007 A 
0718A005 IR56MW39A 05/02/2007 A 
0735H082 IR56MW39A 08/27/2007 A 

"-'"-"'"" 

0740W016 IR56MW39A 10/03/2007 A 
0809P006 IR56MW39A 02/26/2008 A 
0817D043 IR56MW39A . 04/23/2008 A 
0830H042 IR56MW39A 7/24/2008 A 
09118028 IR56MW39A 3/13/2009 A 
0510R032 IR03MW3738 03/10/2005 B 
05268046 IR03MW373B 06/28/2005 B 
0538A040 IR03MW373B 09/23/2005 B 
0602H041 IR03MW373B 01/09/2006 B 
0611S026 IR03MW3738 03/17/2006 B 
0623P056 IR03MW373B 06/08/2006 B 
06348006 IR03MW3738 08/25/2006 B 
06498031 IR03MW3738 12/04/2006 B 
0709G048 IR03MW373B 02/28/2007 B 
0720A055 IR03MW373B 05/17/2007 B 
0735W060 IR03MW3738 08/27/2007 B 
0740D023 IR03MW373B 10/04/2007 B I 

0809E020 IR03MW3738 02/27/2008 B 
0809E021 IR03MW3738 02/27/2008 B 
0817E028 IR03MW3738 04/21/2008 B 

Notes: 

DRO = diesel-range organics 

H = pattern is heavier hydrocarbon end of the analyte's.range in the standard 

J = estimated value 

(1,1g/L) (1,1g/L) 
200 z I 330 z 
200 z 320 z 
190 z 880JH 
47 z 780 H 
66 900 J 
92 480 J 

110 350 J 
160 J 330 
120 300 

NA 260 
NA 240/280 RI 
12 J 50 

<20 u 50 
<20 u <50 u 

<20 u <50 u 

<20 u <50 u 

27 z <50 u 

<20 u <50 u 

<20 u <50 u 

<20 u <50 UJ 
<20 u <50 UJ 
<20 u <50 UJ 
<20 u <50 UJ 
<20 u <50 u 

<20 u <50 u 

<20 u <50 u 

J3 = compound is estimated because accuracy was exceeded in matrix spike, blank spike, or surrogate spike 

JB = result considered estimated because it exceeds calibration ·range 

L = pattern is lighter hydrocarbon end of the analyte's range in the standard 

NA = not analyzed for 

ORO = (motor) oil-range. organics 

TPH = total petroleum hydrocarbons 

U = nondetected (numeric value is reporting limit) 

·Z = other peak(s); chromatogram does not suggest the presence of a fuel 

µg/L = micrograms per liter 
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(1,1g/L) 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

TPH-ORO 
(1,1g/L) 

I <500 u 

<500 u 

590 
800 
620 J 
540 
510 
360 J 
310 J 
290 

340/280 R/J 
500 
500 

<500 u 

<500 u 

<500 UJ 
<500 u 

<500 u 
<500 u 

<500 u 

<500 u 

<500 u 

<500 u 

<500 u 

<500 u 

<500 u 

Total TPH 
(1,1g/L) 

530 
520 

1,660 
1,627 
1,586 
1,112 

970 
850 
730 
550 

580/560 
562 
550 

<500 u 

<500 u 

<500 u 

27 
<500 u 

<500 u 

<500 u 

<500 u 

<500 u 

<500 u 

<500 u 

<500 u 

<500 u 
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Table 2-13. Groundwater Plumes Identified during RI at Parcel E 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Plume Name 

Metals 

IR-02 Northwest Metals Plume 

IR-05 Metals Plume 
--····---- ------- ---··--·--···--··----··-····--·------·--·--·-··-···------·--·-

IR-12 Nickel Plume 

IR-02 Central Nickel Plume 

--·--·----····--··-·-·•-·--- -- ·-- -··· -·---·-----·---·----- -- ------··------··-

IR-02 Southeast Metals Plume 

Volatile Organic Compounds 

IR-02 Northwest Benzene Plume 

IR-03 Benzene Plume 

I 

- - --- ···---···--··-- ·---···-·-----· ------ .. ·- -··---- ·-········- -··-· -----···· ··-·-·-··-·-···-·---·---·····-·--·-·· 

IR-12 Benzene Plume 

IR-39 Benzene Plume 
-- - ---- --- ·- .. -------·-- . ---· ·- ····----··--- ------ -----

Building 406 TCE Plume 

IR-04 TCE Plume 

Redevelopment Block 
(IR Site) 

EOS-1 
(IR-02 Northwest) 

MU-1 (IR-05) 
------- ---··---··-·----·-·---· - -·---·--···-------

MU-1 (IR-12) 

EOS-2 
(IR-02 Central) 

EOS-4 
(IR-02 Southeast) 

EOS-1 
(IR-02 Northwest) 

EOS-3 (IR-03) 

·--·- ----- ·--··-·---- -·-·· ----- --·--·--·--···-··-·-

MU-1 (IR-12) 

MU-1 (IR-39) 
---· - ··--·---·---- ---

_MU-2 (IR-36 South) 

MU-3 (IR-04) 

Well(s) within RI plume boundary 

IR02MW373A and IR02MW126A 

PA36MW03A 
. ---·---·--·---------··- ----·----- -----

IR12MW18A 

IR02MWB-2 

- -------- ·---·- ··---- ------ ----

IR02MW300A 

IR02MW126A 

IR02MW146A, IR03MWO-1, IR03MW225A, 
IR03MW371A, IR03MW218A1, 

IR03MW218A2, IR03MW218A3, 
IR03MW370A, IR03MW226A, IR03MW369A, 

IR02MW173A, and IR03MW342A 
-- -----~---··-------------- ---·-· ···---·-·---·-------- -·--

IR12MW13Aand IR12MW17A 

IR39MW21A 
--- ··--

I R36MW232A, IR36MW237 A, IR36MW237 A, 
and PA50MW04A 

IR04MW37A 
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• 
Plume Chemicals 

Copper, lead, nickel, zinc 

Copper and zinc 
-·-··-·-·-·------ - - -- - - -----·-·----·--------- --·-·----·-··---·---- ------

Nickel 

Nickel 

-- -·-· ·-- ·- --·- -- ------------ ·--. 

Copper and zinc 

Benzene 

Benzene 

··----·-··----··-----·--·-····--·----···--··----·--~----··--·--··----·-·-·--. ---

Benzene 

Benzene 
----------·---·-·- -----

TCE 

i 
I TCE ' 



Table 2-13. · Groundwater Plumes Identified during RI at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Plume Name 
Redevelopment Block I 

(IR Site) 

Volatile-Organic Compounds (continued) 

IR-56 TCE Plume 
- - ---··---·--··-·--------·-·· 

IR-12 PCE Plume 

Polychlorinated Biphenyls 

IR-02 Northwest PCB Plume 

Total Petroleum Hydrocarbons 

IR-03 TPH Plume 

Notes: 

DCA = dichloroethane 

IR = Installation Restoration 

PCB = polychlorinated biphenyl 

PCE = tetrachloroethene 

RI = remedial investigation 

TCE = trichloroethene 

TPH = total petroleum hydrocarbons 

VOC = volatile organic compound 

MU-3 (IR-74) 

MU-1 and MU-2 
(IR-12) 

EOS-1 (IR-02 
Northwest) 

EOS-3 (IR-03) 

Well(s) within RI plume boundary 

IR74MW01A 
·-- -------···------~ ----

IR12MW19A, IR12MW45A 

IR02MW375A 

IR02MW146A, IR03MW225A, IR03MW371A, 
IR03MW218A 1, IR03MW218A2, 
IR03MW218A3, IR03MW370A, 

IR03MW226A, IR03MW369A, IR03MWO-1, 
IR02MW173A, and IR03MW342A 
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• • 

Plume Chemicals 

TCE 
----~--.. ···--.-~---· --······---~ 

1, 1-DCA and PCE 

Aroclor-1254 

TPH 



• Table 2-14. Groundwater COECs for Aquatic Wildlife 
Feasibility Study Report for Parcel E, Hunters Point Shipyard 

I I 

Aquatic Evaluation Criterion Locations 
Selected for Aquatic Recommended for Maximum Calculated Trigger 

Analytical Evaluation Further Monitoring Concentration Level 

Group COEC (1,1g/L)(a) and Evaluation (1,1g/L) (1,1g/L)(b) 

Metals Arsenic 36 IR03MWO-1 1,180 36 

IR02MW173A 75.7 36 

PA50MW05A 42.7 36 

Copper 28.o(c) IR02MW126A 1,000 28 

IR02MW373A 1,300 28 

IR03MW226A 824 28 

IR03MWO-1 3,240 28 

Lead 14.4(c) IR02MW373A 35.2 14.4 

IR03MW218A 23.4 14.4 

IR03MW226A 613 14.4 
.. IR03MWO-1 ! 65 14.4 

Mercury 0.60(c) IR03MW226A 0.8 0.60 

IR03MWO-1 1.2 0.60 

Nickel 96.5(c) IR02MWB-2 1,720 96.5 

IR02MWB-5 3,430 96.5 

IR02MW373A 1,460 96.5 

IR03MWO-1 1,140 96.5 

• Zinc 81 IR02MW126A· 2,320 81 

IR02MW373A 9,970 81 

IR03MW226A 1,180 81 

IR03MWO-1 2,400 81 

PCBs and Aroclor-1254 0.03 IR02MW372A 35 0.06 
Pesticides IR02MW375A(d) 40 0.03 

IR02MW146A 0.24 0.03 

IR03MW225A 1.2 0.03 

Aroclor-1260 0.03 IR03MW218A1 35 0.03 

IR03MW225A 40 0.03 

IR03MW226A 0.24 0.03 

IR03MWO-1 1.2 0.03 

4,4'-DDE 0.001 IR02MW372A 1.2 0.002 

Alpha-Chlordane 0.004 IR02MW372A 0.03 0.008 

Petroleum TPH (Total) 4,839(e) IR02MW173A 6,900 I 4,839 
Hydrocarbons 3,216(e) IR03MW218A1 83,000 I 3,216 

3,216(e) IR03MW218A2 19,900 3,216 

3,216(e) IR03MW225A 12,000 3,216 

3,216(e) IR03MW226A 17,670 3,216 

1,400(e) IR03MW369A 13,500 1,400 

1 ,46?'e) IR03MW370A 27,560 1,467 

2,09iei IR03MW371A 10,890 2,092 
ft 

12,604(e) IR03MWO-1 560,000 12,604 

• 
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Table 2-14. Groundwater COECs for Aquatic Wildlife (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard 

Notes: 
(a) 

(b) 

(c) 

(d) 

References for the aquatic evaluation criteria are included in Tables A-1 and A-2. 
'i 

Attenuation factonassigned based on nomographs developed specifically for HPS groundwater (see Attachment A-1). 

Value shown has ,been HGAL-adjusted and is applicable to the A-aquifer. 

Well lR02MWB-3 has been destroyed; new well lR02MW375A is located in approximately the same area. 

(e) Range of values shown; total TPH aquatic criteria assigned as a function of distance from shoreline; the source of these criteria is the "Final New 
. Preliminary Screening Criteria and Petroleum Program Strategy, Hunters Point Shipyard, San Francisco, California" (Shaw Environmental, Inc., 2007) 

COEC = _chemical of ecological concern 

DDE = dichlorodiphenyldichloroethene 

HGALs = Hunters Point grou~dwater ambient levels 

HPS = Hunters Point Shipyard 

PCBs = polychlorinated biphenyls 

TPH = total petroleum hydro~arbons 

µg/L = micrograms per liter 

0 
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Section 3. Remedial Action Objectives, Applicable or 
Relevant and Appropriate Requirements, 
General Response Actions, and Process 
Options 

This section (1) presents the site-specific RA Os, including PRGs, for soil, shoreline sediment, and 

groundwater at Parcel E based on the COCs and COECs identified in the Revised RI Report and in 

Appendix A of this FS Report (see Section 3.1); (2) identifies potential ARARs (see Section 3.2); and 

(3) presents a range of GRAs and associated process options that will satisfy the RAOs for soil, shoreline 

sediment, and groundwater (see Section 3.3). The GRAs and process options retained through the 

screening process are used in later sections as the basis for developing remedial alternatives. A separate 

set of GRAs and process options were developed for NAPL at IR-03, the location of the former oil 

reclamation ponds. The prevalence of NAPL in the area of IR-03 and the associated site-specific 

contamination issues in soil and groundwater are addressed in the NAPL evaluation sections . 

3.1. REMEDIAL ACTION OBJECTIVES 

RAOs are medium-specific goals for protecting human health and the environment. Each RAO specifies 

(1) the COCs (or COECs), (2) the exposure route and receptors, and (3) an acceptable chemical 

concentration for each medium of concern (such as soil and groundwater). RAOs include both an 

exposure pathway and a chemical concentration in a given medium because · protectiveness may be 

achieved in two ways: (1) by limiting or eliminating the exposure pathway or (2) by reducing chemical 

concentrations. 

The RAO evaluation for this FS Report is based on (1) the results of the risk assessments presented in the 

Revised RI Report (Barajas & Associates, Inc., 2008b), with appropriate adjustments based on the 

amended redevelopment plan (SFRA, 201 0c ), and (2) the risk evaluation conducted to assess potential 

effects from groundwater discharge to San Francisco Bay (Appendix A of this FS Report). The NCP 

details the expectations for remedy selection in Title 40 CFR (40 CFR) § 300.430 (a)(l)(iii). The DoD 

integrates the NCP expectations with the objectives of the BRAC program for expediting transfer of DoD 

property for reuse and development. The .NCP processes an~} criteria were used to develop RAOs for 

Parcel E. 

An important component of developing RAOs is the determination of future land use. According to 

EPA's land use directive (EPA, 1995), RAOs "should reflect the reasonably anticipated future land use or 
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Section 3 RAOs, ARARs, GRAs, and Process Options 

uses ... ," thereby allowing for the development of "alternatives that would achieve cleanup levels 

associated with the reasonably anticipated future land use ... " of the site. The EPA land use directive 

states that "in cases where future land use is relatively certain, the remedial action objective generally 

should reflect this land use ... " and " ... need not include alternative land use scenarios ... " (EPA, 1995). 

RAOs developecl for Parcel E are based on the city's planned reuse for each redevelopment block, which 

is considered the reasonable anticipated end use of the property. In accordance with the EPA land use 

directive (EPA, 1995), this FS Report develops remedial alternatives based on the planned reuse only. 

Figure 1-2 shows the redevelopment blocks within Parcel E. The RAOs for each environmental medium 

of concern are presented in the following sections. 

3.1.1. RAOs fpr Soil and Soil Gas 

The Revised RI Report evaluated risk from human exposure to soil (residential, industrial, and 

recreational) associated with each redevelopment block and its planned reuse (Barajas & Associates, Inc., 

2008b). Based on the amended redevelopment plan (SFRA, 2010c), the reuses relevant to the Parcel E 

redevelopment ~locks are mixed use and open space, as shown on Figure 1-2. The two exposure 

scenarios applicable to these planned reuses are residential and recreational, as shown in the table below. 

The COCs for ea.ch exposure scenario are also provided in the table and discussed later in this section . 

Exposure 
Scenario 

Residential 

. Redevelopment 
Block 

MU-1, MU-2, and 
' MU-3 

Recreational EOS-1, EOS-2, 
• EOS-3, EOS-4, 
' and EOS-5 

Planned Reuse 

Mixed Use 

Open Space 

cocsa 
I 3,3'-dichlorobenzidine, 4-nitrophenol, 4,4'-DDD, 4,4'
! DDE, aidrin, alpha-BHC, antimony, 
i Aroclor-1254, Aroclor-1260, arsenic, benzene, 
i benzo(a)anthracene, benzo(a)pyrene, 
f benzo(b )fluoranthene, benzo(k)fluoranthene, bis(2-
: ethylhexyl)phthalate, cadmium, carbazole, copper, 

dibenz(a, h}anthracene, dieldrin, gamma-BHC, 
heptachlor epoxide, indeno(1,2,3-cd)pyrene, iron, 
lead, manganese, mercury, n-nitroso-di-n
propylamine, n-nitrosodiphenylamine, naphthalene, 
pentachlorophenol, thallium, vanadium, . 
trichloroethylene, zinc, and xylene. 

: Most common: Metals (arsenic and manganese) 

1,2,3,4,6,7,8-HPCDD, 1,2,3,7,8-PECDD, 2,3,4,7,8-
PECDF, Aroclor-1254, Aroclor-1260, arsenic, 
benzo( a )anthracene, benzo( a )pyrene, 
benzo(b)fluoranthene, chrysene, dibenz(a,h)
anthracene, dieldrin, heptachlor epoxide, 
indeno(1,2,3-cd)pyrene, lead, manganese, mercury, 
and nitroso-di-n-propylamine. 

Most common: Metals (arsenic and lead}, PAHs 
: [benzo(a)pyrene], and PCBs (Aroclor-1260) 
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Section 3 RAOs, ARARs, GRAs, and Process Options 

Exposure 
Scenario 

Redevelopment 
Block Planned Reuse cocsa 

Industrial Railroad Right-of
Way 

Light Industrial Arsenic, benzo(a)anthracene, benzo(a)pyrene, 
benzo(b )fluoranthene, benzo(k)fluoranthene, copper, 
dibenz(a,h)arithracene, irideno( 1,2,3-cd)pyrene, and 
lead. 

Notes: 

Most common: Metals (lead) and PAHs 
[benzo(a)pyrene] 

a Although the land use evaluated in the HHRA does not match the amended redevelopment plan (SFRA, 2010c), the above list of COCs 
was verified and modified as appropriate by conducting queries of the risk-based concentrations against the Parcel E soil data. Prior to 
conducting the data query, a comprehensive list of risk-based concentrations was developed for all COCs detected in one or more soil 
samples using the toxicity factors, exposure parameters, and chemical data used in the HHRA. 

BHC benzene hexachloride PAHs polycyclic aromatic hydrocarbons 

COCs chemicals of concern PCBs polychlorinated biphenyls 

DDD dichlorodiphenyldichloroethane PECDD . pentachlorodibenzq-p-clioxin 

DDE dichlorodiphenyldichloroethene PECDF pentachlorodibenzofuran 

HHRA human health risk assessment SFRA San Francisco Redevelopment Agency 

HPCDD heptachlorodibenzo-p-dioxin 

The HHRA results, in particular the results from the residential exposure scenario, were evaluated as part 

of this FS Report to verify the COCs listed in the table above drive the risk to human health for the 

planned reuses of Parcel E. A construction worker exposure scenario was also evaluated but is not 

associated with a planned reuse. The following sections summarize the soil RAOs for protection of 

human health and the environment and present the PR.Gs identified for soil. 

3.1.1.1. Soil and Soil Gas RA Os for the Protection of Human Health 

RAOs for Parcel E soil were developed based on human receptors and results of the incremental risk 

assessment. Exposure to contaminated soil through inhalation, ingestion, and dermal contact presents 

unacceptable risk to humans.' 

The following RAOs apply to Parcel E soil and soil gas: 

■ Prevent exposure of humans to inorganic and organic chemicals in soil at concentrations 
exceeding the PRGs in Table 3-1 for the following exposure pathways: 

• 

• 

• 

• 

• 

Ingestion of, outdoor inhalation of, and dermal exposure to soil from O to 10 feet bgs by 
residents in areas zoned for mixed-use reuse 

Ingestion of homegrown produce in native soil in areas zoned for mixed-use reuse 

Ingestion of, outdoor inhalation of, and dermal exposure to soil from O to 2 feet bgs by 
recreational users in areas zoned for open space reuse 

Ingestion of, outdoor1 inhalation of, and dermal exposure to soil from O to 10 feet bgs by 
construction workers) in all areas 

Ingestion of, outdoor inhalation of, and dermal exposure to soil from O to 1 O feet bgs by 
industrial users of the railroad right-of-way 
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Section 3 RAOs, ARARs, GRAs, and Process Options . 

■ .Prevent ~xposure of humans to voes in soil gas at concentrations that would pose unacceptable 
risk via iµdoor air inhalation of vapors. The Navy has developed soil gas action levels (SGALs) 
to guide future vapor mitigation or remediation (ehaduxTt, 2010). A focused soil gas survey is 
currentli being implemented to identify locations where concentrations of eoes in soil gas may 
exceed SGALs and to evaluate the extent of the voe area requiring institutional controls 
(ARIC). 

Exposure to VOCs in indoor air through the vapor intrusion pathway under the residential exposure scenario 

presents a potential unacceptable risk in some areas of Parcel E (Barajas & Associates, Inc., 2008b). Vapor 

intrusion is not applicable in open space areas (outdoors) because it applies only to indoor air where any 

discharged vapo~s cannot rapidly dissipate; open space areas are not likely to have buildings that are 

continuously occppied. voes in soil gas typically result from voes present in both soil and groundwater. 
II 

The volatile eo~s identified in the table above are present in soil at concentrations that may affect soil gas. 

Section 3.1.3 id~ntifies additional volatile eoes in groundwater that may affect soil gas. The identified 

volatile eoes (iri, both soil and groundwater) will be further evaluated during the soil gas survey. 

3.1.1.2. Soil ;RA Os for the Protection of the Environment 

The BERA conduded that risk to wildlife is not considered significant and does not warrant response 

actions based onJy on ecological concerns; therefore, no ecological RAO for soil is proposed. However, 

ecological benclimarks (Table 3-1) will be considered during any response action undertaken to addres~ 

risk identified in lthe HHRA. 
" 

3.1.1.3. Prel)minary Remediation Goals for Soil 

PRGs for soil ~~re developed for eoes identified during the incremental risk evaluation. The PRGs, 
:1 

which will be firi;alized in the ROD, were developed based on the following approach: 

• Soil RB~s for each exposure sc.enario were calculated based on a target cancer risk level of 1 E~06 .... 
and targ~t noncancer HI of 1, consistent with the exposure pathways and assumptions used in the 
HHRA tp assess risks (Barajas & Associates, Inc., 2008b ). 

■ PR Gs fo:t eoes in soil were selected based on a comparison of the RBe for each eoe, the 
laboratory practical quantitation limit (PQL) based on st.andard EPA analytical methods, and the 
HPAL (fuetals only). For metals, the RBe was compared with the HPAL and, if the HPAL 
exceeded the RBe, the HPAL was selected. For organic chemicals, the RBe was selected, unless 

11 

it was b~low the laboratory PQL. In that case, the laboratory PQL would be selected. 
ii 

■ Table 3-1 lists the PR Gs for each eoe in .soil. The PR Gs for use in implementation of the soil 
remedia,: action are developed and presented in Section 4, Development of Remedial Alternatives. 

,, 
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Section 3 RAOs, ARARs, GRAs, and Process Options 

3.1.2. RAOs for Shoreline Sediment 

RAOs were developed for shoreline sediment in Parcel E, located in the open space areas ofEOS-1, EOS-2, 

EOS-3, and EOS-4. The RAOs for shoreline sediment are based on protection of human health and the 

environment. The Revised RI Report assessed exposure of humans and wildlife to shoreline sedirµent and 

identified the following COCs and COECs for each receptor group (Barajas & Associates, Inc., 2008b ): 

■ COCs for humans: PCBs 

. ■ COECs for benthic invertebrates: copper, lead, mercury, zinc, PCBs, and DDTs 

■ COECs for birds (as represented by the willet, surf scoter, and red tailed-hawk): PCBs 

■ COECs for mammals (as represented by the house mouse): cadmium, copper, molybdenum, 
zinc, and PCBs 

The following sections summarize the shoreline sediment RAOs for protection of human health and the 

environment and identify the PRGs for shoreline sediment. 

3.1.2.1. Shoreline Sediment RA Os for the Protection of Human Health 

The RAO for Parcel E shoreline sediment for the protection of human health was based on exposure 

through shellfish ingestion and direct conta'ct. The following RAO for protection of human health applies 

to Parcel E shoreline sediment: 

■ .Prevent exposure of humans to COCs in shoreline sediment at concentrations exceeding the 
PRGs in Table 3-2. 

3.1.2.2. · Shoreline Sediment RAOs for the Protection of the Environment 

The following preliminary RAO was developed for shoreline sediment in the intertidal zone at Parcel E 

based on protection of wildlife: 

■ Prevent exposure ofbenthic invertebrates, birds, and mammals to COECs in shoreline sediment 
at concentrations exceeding the PRGs in Table 3-2. 

3.1.2.3. Preliminary Remediation Goals for Shoreline Sediment 

PRGs for COECs in shoreline sediment, as identified by the risk evaluations presented in the Revised RI 

Report, were selected based on a comparison of the receptor-specific RBCs (separate values for humans, 

birds, mammals, and benthic invertebrates), ambient values in San Francisco Bay sediment,i and HPALs 

(metals only). The lowest of these receptor-specific RBCs was selected as the PRG unless the ambient 

value (either the bay sediment value [Water Board, 1998 and 2003a] or HPAL) was greater, in which case 

the highest ambient value was selected as the PRG. The PRGs for shoreline sediment are presented in 

Table 3-2. It should be noted that the PRGs in shoreline sediment did not require adjustment based on 
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Section 3 RAOs, ARARs, GRAs, and Process Options 

laboratory PQLs' because, for eoes and eoEes identified in shoreline sediment, the receptor-specific 

RBes are greatei than the laboratory PQLs. 

3.1.3. RAOs for Groundwater 

RAOs for ParcelE groundwater were developed for exposure pathways with associated risks. The RAOs 
I 

were developed f,or the following pathways: 

■ 

■ 

■ 

Human health risks via domest1c use pathway from the B-aquifer 

Human health risks to construction workers from dermal exposure and inhalation from the 
A-aquif~r 

The poteptial migration of contaminated groundwater into San Francisco Bay that could affect 
surface Water 

The potential htiman health risks from exposure to groundwater at Parcel E are described in the 

Revised Rl Rep9rt (Barajas & Associates, Inc., 2008b ). The potential risks to aquatic wildlife in San 

Francisco Bay eiposed to groundwater at Parcel E are discuss~d in Appendix A. The HHRA identified 

potential unacceptable risk through inhalation of voes in indoor air (vapor intrusion) from the A-aquifer 

(Barajas & Assdciates, Inc., 2008b); however, as described in Section 3.1.1.1, the Navy has developed 

SGALs and is irµplementing a focused soil gas survey to guide future vapor mitigation or remediation. 

• 

Future actions arid decisions to address potential risks from vapor intrusion will be based on soil gas data • 

and the SGALs, :rather than groundwater data and the RBe~ developed in the HHRA for vapor intrusion 
,, 

(ehaduxTt, 2010). Accordingly, the potential exposure from the vapor intrusion pathway is addressed by ,, 

the soil gas RAd presented in Section 3 .1.1.1. 
I, 

The table below ilists the A-aquifer plumes identified for evaluation in this FS Report and the associated 

eoes and eoErs. The table presents two pathways of concern for human health as identified in the 

HHRA (vapor intrusion and dermal exposure). However, as discussed above, the vapor intrusion pathway is 

addressed under the RA Os for soil gas (Section 3 .1.1.1 ). The identified volatile eoes in groundwater will 

be further evaluated during the soil gas survey. The estimated boundaries of the A-aquifer \roe plumes that 
I 

pose a potential ::risk to humans are shown on Figure 2-5. As discussed in Section 2.3.3.2, the benzene I . .. . 

plumes in IR-02 Northwest, IR-03, and IR-39 (Figure 2-5) are not evaluated in this FS Report. The IR-05 
I' 

metals plume an<i the IR-12 nickel plume (Figure 2-4) are also not evaluated in this FS report based on the 

findings of the tr!igger-level evaluation (Appendix A). The estimated boundaries of the A-aquifer plumes 

that pose a poteniial risk to aquatic wildlife in San Francisco Bay are shown on Figure 2-8. 
jl 
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Section 3 

Redevelopment 
Block Plume 

MU-1 and MU-2 Building 406 
TCE Plume 

MU-1 and MU-3 IR-12 
PCE Plume 

MU-1 IR-12 
Benzene 

Plume 

MU-3 IR-04 
TCE Plume 

IR-56 
TCE Plume 

EOS-1 and IR-02 Central 

EOS-2 Nickel Plume 

EOS-1 IR-02 
Northwest 

Metals Plume 

IR-02 
: Northwest PCB! 

and Pesticide ' 
Plume 

EOS-3 
Plume 

Notes: 

coc 
TCE, 1 ,4-DCB, carbon 

tetrachloride, 1,2-DCE, PCE, 
vinyl chloride 

PCE, TCE, 1,1-DCA, 
1 ,4-DCB, isopropyl benzene, 

chloroform, chrysene, 
naphthalene, arsenic, 

pentachlorophenol 

PCE, TCE, 1,1-DCA, 
1 ,4-DCB, isopropyl benzene, 

chloroform, chrysene, 
naphthalene, arsenic, 

pentachlorophenol 

TCE, 1, 1-DCE, 1,4-DCB, 
benzene, chloroform, 

lsopropylbenzene, 
naphthalene, PCE 

------·· 

TCE, chloroform 

Arsenic 

Arsenic 

1 ,4-DCB, vinyl chloride, 
naphthaleneb, 

benzo(a)anthracene, 
benzo(b )fluoranthene, 

chrysene, arsenic 

RAOs, ARARs, GRAs, and Process Options 

COEC 

Nickel 

Copper, lead, 
nickel, zinc 

Aroclor-1254, 
4,4'-DDE, 

alpha-chlordane 

TPH, arsenic, 
nickel, zinc, 

Aroclor-1254, 
Aroclor-1260 

Pathway of Concerna 
Vapor intrusion 

Vapor intrusion and dermal 
exposure 

Vapor intrusion and dermal 
exposure 

Vapor intrusion 

Vapor intrusion 

Dermal Exposure 

Impact to surface water 

Dermal Exposure 

Impact to surface water 

Impact to surface water 

Vapor inhalation and 
dermal exposurec 

Impact to surface water 

a Two pathways of concern evaluated in the HHRA (vapor intrusion and dermal exposure) are identified; however, the vapor intrusion pathway is 
addressed under the RAOs for soil gas, as discussed in Section 3.1.1.1. 

b List of chemicals for monitoring in IR-03 TPH plume will be expanded to include the following VOCs: benzene, chloroform, TCE, and vinyl 
chloride (see Appendix C). These chemicals, which exceed risk-based concentrations for vapor intrusion, are not COCs because the vapor 
intrusion pathway is not complete in open space areas. However, monitoring will be performed in EOS-3 to ensure that theseVOCs do not 
migrate to adjoining redevelopment blocks (where the vapor intrusion pathway is complete) at concentrations that pose a potential risk. 

c Pathway of concern is associated with construction worker exposure scenario; the vapor intrusion pathway is not complete in open space areas. 

COCs 

DCA 
DCB 
DCE 

chemicals of concern 

dichloroethane 

dichlorobenzene 

dichloroethene 

DDE 
PCE 

TCE 

TPH 

dichlorodiphenyldichloroethene 

tetrachloroethene 

trichloroethene 

total petroleum hydrocarbons 
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Section 3 RAOs, ARARs, GRAs, and Process Options 

The Revised Rl Report did not identify any B-aquifer plumes at Parcel E. Several chemicals were 

previously detected in the B-aquifer at concentrations exceeding screening criteria, but were not persistent 

over time. Based on these historic detections, the HHRA identified the following COCs in the B-aquifer 

(Barajas & Associates, Inc., 2008b ): 

• Metals: arsenic, manganese, and thallium 

■ VOCs: 1,4-DCB, PCE, TCE, and vinyl chloride 

As discussed in Section 2.5.2.3, COECs in groundwater were identified based on their potential risk to 

aquatic wildlife in San Francisco Bay, and groundwater migration at HPS was modeled, as discussed in 

Appendix A. Appendix A develops trigger-level concentrations for COECs to determine when response 

actions may be needed to prevent migration and discharge of contaminated groundwater to the bay. The 

trigger levels will be compared with concentrations of COECs in groundwater to identify when additional 

evaluation may be necessary. Additional evaluations may include: 

■ lncreasi~g the monitoring frequency in the well where the trigger level was exceeded to evaluate 
whether the exceedance is persistent 

■ Monitoring groundwater at a downgradient location to evaluate whether the attenuation estimated 

in establishing the trigger level has occurred 

• Monitoring along the groundwater/surface water interface to evaluate attenuation and 
groundwater impacts to surface water 

• Using site-specific detailed information to more accurately estimate attenuation (including 
processes such as adsorption and degradation) ·· · ,. · · 

•. Implem~nting a selected remedial alternative for treatment of groundwater 

The trigger-level concentrations depend on attenuation as groundwater flows toward San Francisco Bay, 

so they vary bas~d on plume location, distance from the onshore source of contamination to the bay, and 

width of the source plume. Appendix A (Table A-3) presents the trigger levels for COECs at each ,, 

applicable location. 

The following sections summarize the groundwater RAOs for protection of human health and the 

environment and present the PRGs identified for groundwater. 

3.1.3.1. Gro'undwater RA Os for Protection of Human Health 

Exposure to VO~s in indoor air through the vapor intrusion pathway under the residential exposure scenario 

presents a potential unacceptable risk in some areas of Parcel E (Barajas & Associates; Inc., 2008b). As 

described in Section 3 .1.1.1, the Navy has developed SGALs and is implementing a focused soil gas survey 

to guide future vapor mitigation or remediation. Future actions and decisions to address potential risks from 

vapor intrusion will be based on soil gas data and the SGALs, rather than groundwater data and the RBCs 
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developed in the HHRA for vapor intrusion (ehaduxTt, 2010). Accordingly, the potential exposure from 

the vapor intrusion pathway is addressed by the soil gas RAO presented in Section 3.1.1.1. 

Exposure to voes in groundwater presents a potential unacceptable risk to construction workers at 

Parcel E. As a result, the following RAO applies to A-aquifer groundwater at Parcel E: 

• Prevent or minimize exposure of construction worker to voes in A-aquifer groundwater by 
dermal exposure and inhalation of vapors with chemicals exceeding PR Gs. 

Although the Revised RI Report did not identify any B-aquifer plumes at Parcel E, the HHRA concluded 

that exposure to metals and organic compounds in groundwater from domestic use in the B-aquifer 

presents a potential unacceptable risk at Parcel E. As a result the following RAO applies to the B-aquifer 

groundwater at Parcel E: 

■ Prevent or minimize exposure of humans to eoes in the B-aquifer at concentrations exceeding 
PRGs via the domestic use pathway. 

For the purposes of this FS Report, it is assumed that continued groundwater monitoring will verify that 

chemical concentrations in B-aquifer wells will remain below their corresponding PRGs. 

The RAOs for groundwater are b·ased on risk of (1) construction worker exposure in trenches to inorganic 

and organic chemicals in the A-aquifer; and (2) domestic use in the B-aquifer (in areas underlying 

A-aquifer groundwater plumes). The RAOs require prevention or reduction of risk until concentrations 

decrease to an acceptable level of risk (target cancer risk of lE-06 or target noncancer HI of 1) or an 

ARAR-based criterion (drinking water MeLs). 

3.1.3.2. Groundwater Preliminary Remediation Goals for Protection of Human Health 

The PRGs for eoes identified in A- and B-aquifer groundwater were developed using the following 

approach: 

■ 

■ 

■ 

RB es for each exposure scenario were calculated based on a target cancer risk level of 1 E-06 a:nd . 
target noncancer HI of 1, consistent with the exposure pathways and assumptions used in the 
HHRA to assess risks (Barajas & Associates, Inc., 2008b). 

The RBes for A-aquifer eoes for the construction worker scenario were based on dermal 
contact with, and vapor inhalation of A-aquifer groundwater. The RBes for the B-aquifer eoes 
were based on the domestic use scenario of B-aquifer groundwater. 

PR Gs for eoes in groundwater in the A-aquifer were selected based on a comparison of the 
eoe-specific RBC and the laboratory PQL based on standard EPA analytical methods. The 
RBe was selected as the PRG, unless the RBe was below the laboratory PQL. In that case, the 
laboratory PQL was selected as the PRG . 
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• For COCs in the B-aquifer, the chemical-specific ARARis used as the PRG, when available. In 
the absence of chemical-specific ARARs, the chemical-specific RBC is used as the PRG. 
However, the PRG defaults to the laboratory PQL if the chemical-specific ARAR or RBC is 
lower than the PQL, because the ARAR or RBC would not be detectable at concentrations below 
the PQL. 

• No data exist for the deeper bedrock water-bearing zone outside of the weathered residuum. 
Therefore, no COCs were determined for the bedrock water-bearing zone for the domestic use 
pathway. 

Tables 3-3 and 3'A present the PRGs for COCs in the A-aquifer and B-aquifer, respectively. 

3.1.3.3. Groµndwater RAOs for Protection of the Environment 

Chemicals in groundwater at Parcel E pose a potential threat to aquatic wildlife in San Francisco Bay. As 

a result, the follbwing RAO was developed to address potential migration of contaminated groundwater 

into the bay that could affect surface water: 

• Prevent or minimize migration of arsenic, copper, lead, nickel, zinc, Aroclor-1254, Aroclor-1260, 
alpha-chlordane, and 4,4'-DDE to prevent discharge that would result in concentrations 
exceeding corresponding surface water quality criteria for aquatic wildlife (Table 3-5)2. 

• Prevent or minimize migration of A-aquifer groundwater containing total TPH concentrations 
·greater than 1,400 µg/L (where commingled with CERCLA substances) into San Francisco Bay. 

Plume-specific trigger levels for these chemicals are listed in Table 3-5 and will be used as groundwater 

monitoring criteria to support the groundwater RAOs for Parcel E2
• 

3.1.4. RAOs fpr Nonaqueous-Phase Liquids 

IR-03, the former oil reclamation ponds, is located within Redevelopment Block EOS-3 and contains 
!I 

NAPL over an ~rea approximately 1 acre in size. The NAPL .is a source of contamination to A-aquifer 
I 

groundwater and poses a potential risk to aquatic wildlife in San Francisco Bay. IR-03 is evaluated 

separately from 9ther areas of soil and groundwater contamination within Parcel E because the NAPL is 

highly viscous, present over a large area, and may be over 10 feet thick in some locations (Barajas & 

Associates, Inc., 2008b). These site conditions, coupled with previous investigations that noted free

phase petroleum as deep as 25 feet bgs (IT Corporation, 1997a), prompted the Navy to evaluate remedial 

alternatives spedfic to the NAPL at IR-03. 

The COCs at IR-03 are a subset of the COCs identified in soil and groundwater at Parcel E (Section 3.1.1 

and 3.1.3, respectively). The most prevalent COCs in IR-03 soils are: 

2 This evaluation should not be interpreted to state or imply that surface water ARARs such as the California Toxics 
Rule are ARARs for in-situ groundwater. Surface water ARARs apply to surface waters. 
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• 
• 

• 

Metals: arsenic and lead 

PAHs: benzo(a)anthracene, chrysene, indeno(l,2,3-cd)pyrene, benzo(a)pyrene, 
benzo(b )fluoranthene, and benzo(k)fluoranthene 

PCBs: Aroclor-1254 and Aroclor-1260 

• Total TPH, which is total total petroleum hydrocarbons, including all fractions ( e.g., diesel, 
purgeable, motor oil, etc.) 

The most prevalent COCs in A-Aquifer groundwater at IR-03 are: 

• Metals: arsenic 

• VOCs: 1,4-DCB, naphthalene, and vinyl chloride 

• PCBs: Aroclor-1260 

• TPH 

As discussed in Section 3.1.3, ,the Revised RI Report did not identify any B-aquifer plumes at Parcel E. 

Several chemicals wer~ previously detected in the B-aquifer at concentrations exceeding screening 

criteria, but were not persistent over time. Based on these historic detections, the HHRA identified 

several COCs in the B-aquifer that will require continued monitoring. For the purposes of this FS Report, 

it is assumed that continued groundwater monitoring will verify that chemical concentrations in B-aquifer 

wells will remain below their corresponding PRGs. 

Because NAPL at IR-03 is a source of contamination to Parcel E groundwater and potentially to San 

Francisco Bay, the following RAOs for protection of the environment apply to NAPL at IR-03: 

• 

• 

Prevent or minimize migration ofNAPL to prevent discharge that would result in COEC 
concentrations greater than the water quality criteria for aquatic wildlife. 

Prevent or minimize migration ofNAPL to prevent discharge that would result in total TPH 
groundwater concentrations greater than 1,400 µg/L into San Francisco Bay. 

The COCs in soil and groundwater at IR-03 would be subject to the RAOs established in Sections 3.1.1.1, 

3.1.3.1, and 3.1.3.3. 

3.2. POTENTIAL APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

CERCLA § 121(d)(l) states that remedial actions on CERCLA sites must attain (or the decision document 

must justify the waiver of) any ARARs, ·which include environmental regulations, standards, criteria, or 

limitations promulgated under federal or more stringent state laws. An ARAR may be either applicable, 

or relevant and appropriate, but not both. The NCP ( 40 CFR § 300.5) definition of applicable, and· 

relevant and appropriate is presented below . 
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Applicab/e requirements mean those cleanup standards, standards of control, and other 

substantive requirements, criteria, or limitations promulgated under federal 

environmental or state environmental or facility siting laws that specifically address a 

hazardous substance, pollutant! contaminant, remedial action, location, or other 

circumstqnce found at a CERCLA site. 
i 

Relevant and appropriate requirements mean those cleanup standards, standards of 

control, and other substantive requirements, criteria, or limitations promulgated under 

federal environmental or state environmental or facility siting laws that, while not 

applicable to a hazardous substance, pollutant, contaminant, remedial action, location, 

or other circumstance at a CERCLA site, address problems or situations sufficiently 

similar to those encountered at the CERCLA site that their use is well suited to the 

particular site. 

To qualify as a ~tate ARAR under CERCLA and the NCP, a state requirement must be (1) a standard, 

requirement, crit~rion, or limitation under a state environmental or facility siting law; (2) promulgated ( of 

general applicability and legally enforceable); (3) substantive (not procedural or administrative); (4) more 

stringent than the federal requirement; (5) identified by the state in a timely manner; and (6) consistently . ' 

applied. 

• 

CERCLA § 121(e) exempts any response action conducted entirely on site from having to obtain a • 

federal, state, or local permit when the action is carried out in compliance with§ 121. In general, on-site 

actions need only comply with the substantive aspects of ARARs, not with the · corresponding 

administrative procedures, such as administrative reviews and recording and record-keeping 

requirements. dff-site actions must comply with all legally applicable requirements, both substantive and 

administrative. 

ARAR identification considers a number of site-specific factors, including potential remedial actions, 

compounds at the site, site physical characteristics, and the site location. ARARs are usually divided into 

three categories:' chemical-specific, location-specific, and action-specific.,• 

EPA (1988) guidance recommends that the lead federal agency consult with the state when identifying 

state ARARs for remedial actions. CERCLA and NCP requirements (40 CFR § 300.515) for remedial 

actions state thit the lead federal agency· will request that the state identify chemical- and location

specific state ARARs after completion of site characterization. The requirements also provide that the 

lead federal agency request identification of all categories of state ARARs ( chemical-, location-, and 

action-specific) upon completion of identification of remedial alternatives for detailed analysis. 

Identification of potential state ARARs was initiated through Navy requests to the DTSC, Water Board, 

and San Franci~co Bay Conservation and Development Commission (Navy, 2009). In two sets of 
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consolidated responses received in March 2009 (Water Board, 2009; DTSC, 2009a), potential state 

ARARs were specified by the DTSC, Water Board, the California Department of Public Health (CDPH), 

the California Integrated Waste Management Board, California Department of Fish and Game, California 

Air Resources Board, and the Bay Area Air Quality Management District (BAAQMD). In April 2009, 

additional potential state ARARs were identified by the DTSC on behalf of San Francisco Bay 

Conservation and Development Commission (DTSC, 2009b ). 

This section addresses potential ARARs for CERCLA hazardous substances, with the exception of 

radionuclides. Potential ARARs for radiological contamination will be addressed in the Radiological 

Addendum to this FS Report. Both chemical and radiological contaminants will then be addressed 

together in the Proposed Plan and ROD. 
' r 

This section summarizes potential federal and state of California ARARs for Parcel E. Section 3.2.1 

discusses potential chemical-specific ARARs, Section 3.2.2 discusses potential location-specific ARARs, 

and Section 3.2.3 discusses potential action-specific ARARs. Appendix B presents the complete ARARs 

evaluation. 

3.2.1. Potential Chemical-Specific ARARs 

Chemical~specific ARARs are health- or risk-based numerical values or methods that, when applied to 

site-specific conditions, result in the establishment of numerical cleanup values. These values are 

protective of human health and the environment and establish the acceptable amount or concentration of a 

chemical that may be found in or discharged to the ambient environment. 

For Parcel E, soil, shoreline sediment, groundwater, surface water, and air.are the environmental media 

potentially affected by the response action. This section summarizes the potential chemical-specific 

ARARs for these media. 

3.2.1.1. Soil 

The Navy has identified the substantive provisions of the following potential federal and state chemical

specific ARARs for soil: 

• Resource Conservation and Recovery Act (RCRA) hazardous waste definitions at California 
Code of Regulations (Cal. Code Regs.) Title (tit.) 22, §§ 66261.21, 66261.22(a)(l), 66261.23, 
66261.24( a)( 1 ), and 66261.100 

• Non-RCRA, state-regulated hazardous waste definitions at Cal. Code Regs. tit. 22, §§ 
66261.22(a)(3) and (a)(4), 66261.24(a)(2) through (a)(8), 66261.101, 66261.3(a)(2)(C}and 
(a)(2)(F) 

N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\FinalParcelE_FS.docx 

ERRG-6011-0000-0006 3-13 

ERRG 



Section 3 RAOs, ARARs, GRAs, and Process Options 

■ Designated and nonhazardous solid waste definitions at Cal. Code Regs. tit. 27, §§ 20210 and 
20220 

■ Requirements for risk-based cleanup and disposal of PCB remediation waste at 40 CFR 
§ 761.61(c). 

3.2.1.2. Shoreline Sediment 

The Navy has identified the substantive provisions of the following potential federal and state chemical

specific ARARs for shoreline sediment: 

■ RCRA hazardous waste definitions at Cal. Code Regs. tit. 22, §§ 66261.21, 66261.22(a)(l), 
66261.23, 66261.24( a )(1 ), and 66261.100 

■ Non-RCM, state-regulated hazardous waste definitions at Cal. Code Regs. tit. 22, 
§§ 66261.22(a)(3) and (a)(4), 66261.24(a)(2) through (a)(8), 66261.101, and 66261.3(a)(2)(C) 
and (a)(2)(F) 

■ Designated and nonhazardous solid waste definitions at Cal. Code Regs. tit. 27, §§ 20210 and 
20220 

3.2.1.3. Groundwater 

The Navy has identified the substantive provisions of the following potential federal and state chemical

specific ARARs for groundwater: 

■ RCRA groundwater protection standards in Cal. Code Regs. tit. 22, §§ 66264.94(a)(l), (a)(3), (c), 
( d), and ( e) for the A-aquifer. These sections are relevant for achieving the lowest concentration 
limit in the A-aquifer based on unacceptable risk from the vapor intrusion pathway. 

■ Federal :\'.fCLs for tetrachloroethene and TCE as promulgated by EPA under Safe Drinking Water 
Act (SDWA) at 40 CFR § 141.61(a), for the B-aquifer. 

ii 

■ Federal MCL for arsenic, as promulgated by EPA under the SDWA at 40 CFR § 141.62(b), for 
the B-aqhifer. 

■ Federal maximum contaminant level goal (MCLG) for thallium, as promulgated by EPA under 
the SDWA at 40 CFR § 141.Sl(b), for the B-aquifer. 

■ 

■ 

State priµiary MCLs for 1,4-dichlorobenzene and vinyl chloride, as set forth in Cal. Code Regs. 
tit. 22, § 164444, for the B-aquifer. · 

The substantive provisions of California Water Code§§ 13241, 13243, 13263(a), 13269, and 
13360 of the Porter-Cologne Water Quality Control Act, as enabling legislation as implemented 
through the beneficial uses, water quality objectives (WQOs), waste discharge requirements 
(WDRs), and promulgated policies of the Comprehensive Water Quality Control Plan for the San 
Francisco Bay Region (referred to as the "Basin Plan") (Water Board, 2007). 

N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\Fina1ParcelE_FS.docx 

ERRG-6011-0000-0006 3-14 

ERRG 

•• 

• 

• 



• 

• 

• 

Section 3 RAOs, ARARs, GRAs, and Process Options 

■ 

■ 

The substantive provisions for groundwater relating to beneficial uses, WQOs, WDRs, and 
promulgated policies in Chapters 2 and 3 of the Basin Plan (Water Board, 2007), except for the 
municipal and domestic supply designation for the A-aquifer. 

SWRCB Resolution 88-63, identifying exceptions to potential sources of drinking water 
(SWRCB, 1988). 

These potential ARARs pertain to specific scenarios identified below. 

■ 

■ 

■ 

Containment of in-place waste at Parcel E IR-02 and IR-03, for which federal MCLs, federal 
MCLGs, and State primary MCLs are potential ARARs for groundwater in the B-aquifer 
downgradient of the point of compliance (POC). The POC for Parcel E IR-02 and IR-03 is 
consistent with Cal. Code Regs. tit. 22, § 66264.95. 

Clean closure of contaminated groundwater plumes outside of Parcel E IR-02 and IR-03, for 
which (1) federal MCLs, federal MCLGs, and State primary MCLs are potential ARARs for 
groundwater in the B-aquifer throughout the contaminated plumes, and (2) the concentration 
limits based on unacceptable risk from the vapor intrusion pathway, pursuant to Cal. Code Regs. 
tit. 22, § 66264.94, are potential ARARs for groundwater in the A-aquifer throughout the 
contaminated plumes. 

Clean closure ofIR-03, for which (1) federal MCLs, federal MCLGs, and State primary MCLs 
are potential ARARs for groundwater in the B-aquifer throughout the contaminated plume 
emanating from IR-03, and (2) the concentration limits based on unacceptable risk from the vapor 
intrusion pathway, pursuant to Cal. Code Regs. tit. 22, § 66264.94, are potential ARARs for 
groundwater in the A-aquifer throughout the contaminated plume emanating from IR-03. 

The Navy has also identified the substantive provisions of the following potential federal and state 

chemical-specific ARARs for groundwater, which provide definitions for potential waste generated 

during the construction of groundwater monitoring wells: 

■ 

■ 

■ 

3.2.1.4. 

RCRA hazardous waste definitions at Cal. Code Regs. tit. 22, §§ 66261.21, 66261.22(a)(l), 
66261.23, 66261.24(a)(l), and 66261.100 

Non-RCRA, state-regulated hazardous waste definitions at Cal. Code Regs. tit. 22, 
§§ 66261.22(a)(3) and (a)(4), 66261.24(a)(2) through (a)(8), 66261.101, and 66261.3(a)(2)(C) 
and (a)(2)(F) 

Designated and nonhazardous solid waste definitions at CaL Code Regs. tit. 27, §§ 20210 and 
20220 

Surface Water 

The only surface water bodies at Parcel E consist of intertidal wetlands along the shoreline that are 

hydraulically connected to surface water in the bay. Grour;dwater at Parcel E has the potential to 

discharge to these intertidal wetlands and the bay. The Navy has identified the substantive provisions of 

(1) the California Toxics Rule (40 CFR § 131.38) and (2) Table 3-3 of the Basin Plan as potentially 
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applicable chemical-specific ARARs for surface water at Parcel E. All of these standards apply to surface 

water; none of them apply to groundwater. Therefore, these potential surface water ARARs would be 

applied to the int~rface of A-aquifer groundwater with San Francisco Bay. These potential surface water 
'• 

ARARs would also b~ applied to surface water bodies (e.g., tidal wetlands) at Parcel E. 

3.2.1.5. Air 

There are no potential chemical-specific air ARARs for inhalation of VOCs from groundwater. Risks 

from inhalation ,. of vapors originating in VOC-contaminated groundwater are addressed under the 

groundwater alternatives. 

3.2.2. Potential Location-Specific ARARs 

Location-specific ARARs are restrictions placed on the concentrations of hazardous substances or the 

conduct of activities based on site characteristics or the site's immediate environment. The Navy has 

identified the suostantive provisions of the following potential federal and state location-specific ARARs: 

■ Requirements for discharge of dredged or fill material into waters of the United States in the Clean 
Water Act of 1977 (33 U.S.C. § 1344 and its accompanying implementing regulations in 40 CFR 
Part 230 and 33 CFR Part 320) · 

■ Requirement that activities comply with approved state coastal zone programs in the Coastal Zone 
Manageipent Act (16 U.S.C. §§ 1456[c][l][A] and its accompanying implementing regulations in 
15 CFR Part 930) 

■ 

■ 

■ 

■ 

■ 

■ 

Enabling legislation for the San Francisco Bay Plan in McAteer-Petris Act to reduce fill and 
disposal bf dredged material in San Francisco Bay (California Government Code§§ 66600 through 
66661) 

The app~oved state coastal zone management plan in the San Francisco Bay Plan to reduce fill and 
protect the beneficial uses of the bay (Cal. Code Regs. tit. 14 §§ 10110 through 11990) 

Prohibiti.on on the pursuit, hunting, capturing, and killing, or the attempt to take, capture or kill any 
migratory bird at the Migratory Bird Treaty Act of 1972 (16 U.S.C. § 703) 

Protection of American peregrine falcons, a species that is protected under California Fish and 
Game C6de § 351 i 3 

Prohibit~on on the passage of enumerated substances or materials into waters of the state deleterious 
to fish, plant life, or birds (California Fish and Game Code§§ 5650[a], [b], and [c]) 

Requirement that CERCLA remedial actions take into account the effects of remedial activities on 
any hist◊ric properties included on or eligible for inclusion on the National Register(§ 106 of the 
National Historic Preservation Act [16 U.S.C. § 470-470x-6] and its accompanying implementing 
regulations in 36 CFR Part 800) 

3 The Navy will implement reasonable measures to ensure adequate protection of ecological receptors during 
response action c9nstruction and will coordinate with the State, through CDFG-OSPR, prior to implementation of 
such reasonable measures. The Navy understands that the State of California reserves the right to conduct periodic 
site visits during removal or remedial activities to confirm implementation of avoidance measures. 

--:~~: 
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3.2.3. Potential Action-Specific ARARs 

Action-specific ARARs are technology- or activity-based requirements or limitations for remedial 

activities. These requirements are triggered by the particular remedial activities conducted at the site and 

indicate how a selected remedial alternative should be achieved. The Navy has identified the substantive 

provisions of the following potential federal and state action-specific ARARs for the soil, shoreline 

sediment, groundwater and NAPL alternatives evaluated in this FS Report. 

3.2.3.1. Potential Action-Specific ARARs for Soil and Shoreline Sediment Alternatives 

Remedial alternatives evaluated for Parcel E soil and shoreline sediment include the following-types of 

actions, as discussed in more detail in Section 4: (1) covering portions of the site with soil, concrete, 

asphalt, or a low-permeability geosynthetic material; (2) institutional controls; (3) shoreline protection; 

( 4) excavation and off-site disposal; and (5) SVE. The following discussion summarizes potential 

ARARs for these actions. 

Covers 

The Navy has identified the following potential relevant and appropriate federal and state action-specific 

ARARs for construction of covers throughout Parcel E. 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

Final cover requirement to accommodate lateral and vertical shear forces generated by the 
maximum credible earthquake at Cal. Code Regs. tit. 22, § 66264.310(a)(5). 

Final cover maintenance requirements and final cover run-on and runoff contrc:ils contained in 
Cal. Code Regs. tit. 22, § 66264.310(b)(l) and (4). 

Survey benchmark maintenance required in Cal. Code Regs. tit. 22, § 66264.310(b)(5). 

Stormwater discharge requirements for construction that will disturb 1 or more acres at 40 CFR 
§§ 122.44(k)(2) and (4). The substantive requirements of the State'.s general permit for 
stormwater discharges (SWRCBOrders 09-09-DWQ and 10-14-DWQ) are "to be considered" in 
complying with the requirement to apply best management practices for stormwater discharges 
promulgated at 40 CFR § 122.44(k)(2) and (4). 

The requirement that public agencies comply with Cal. Code Regs. tit. 27 to the extent feasible 
when taking action to clean up unauthorized releases at Cal. Code Regs. tit. 27, § 20090( d) 

Permanent monument requirements at Cal. Code Regs. tit. 27, § 20950( d) 

Erosion and related damage prevention requirements at Cal. Code Regs. tit. 27, § 21090(c)(4) 

Aerial photographic survey, or alternative survey, requirements at Cal. Code Regs. tit. 27, 
§ 21090( e )(1) and ( e )(3) 

Final cover and alternative final cover standards at Cal. Code Regs. tit. 27, § 21140(a) and (b) 

Final slope requirements at Cal. Code Regs. tit. 27, § 21145(a) 
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■ 

■ 

Drainage and erosion control system requirements at Cal. Code Regs. tit. 27, § 21150(a) 

Toxic control measures for airborne asbestos during construction, grading, quarrying, and surface 
mining dperations at Cal. Code Regs. tit. 17, § 93105 

In addition, the Navy has identified the following potential relevant and appropriate federal and state 

action-specific ARARs for construction of low-permeability covers in select areas of Parcel E. 

■ 

■ 

■ 

■ 

■ 

■ 

Compaction: Cal. Code Regs. tit. 22, § 66264.228(e)(l). This section requires that, if waste is to 
remain in a unit, the unit shall be compacted before any portion of the final cover is installed. 

Post-clo~ure water entry requirement that the final cover be designed to prevent the downward 
entry of water into the closed landfill throughout a period of at least 100 years at Cal. Code Regs. 
tit. 22, § 66264.310(a)(l). 

Leachat~ collection and removal requirements at Cal. Code Regs. tit. 22, § 66264.31 0(b )(2), if 
needed oased on results of groundwater monitoring. 

Capping permeability requirements at Cal. Code Regs. tit. 27, §§ 20320 (c)and (d). 

Erosion control requirements at Cal. Code Regs. tit. 27, §§ 20365(c) and (d). 
f . . 

Post-closure requirement that the post-closure maintenance period shall extend as long as the 
wastes pose a threat to water quality at Cal. Code Regs. tit,27, §§ 20950(a). 

• Foundation layer requirement at Cal. Code Regs. tit. 27, § 21090(a)(l). 

• Erosion-resistant layer requirement at Cal. Code Regs. tit. 27, § 21090(a)(3). 

■ 

■ 

■ 

■ 

■ 

Final cover design, grading, and maintenance requirements at Cal. Code Regs. tit. 27, 
§ 21090@))(1) 

Emergency response requirements at Cal. Code Regs. tit. 27, § 21130. 

Site security requirements at Cal. Code Regs. tit. 27, §§ 21135(f) and (g). 

Structure removal requirements at Cal. Code Regs. tit. 27, § 2113 7. 

Final grading requirements at Cal. Code Regs. tit. 27, § 21142(a). 

■ 

■ 

Leachate collection and control requirements at Cal. Code Regs. tit. 27, § 21160(a) and (c). 

Postclosure requirement that the post-closure maintenance and monitoring extend for no less than 
30 years following closure at Cal. Code Regs. tit. 27, § 21180(a). 

Institutional Controls 
! 

The substantive provisions of the following state statutes and _regulations have been accepted by the Navy 

as potentially relevant and appropriate state ARARs for implementing institutional controls and entering 

into a Covenant to Restrict Use of Property with DTSC, as specified in Appendix B (Section.B4.1.2.2) . 
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■ California Civil Code § 14 71. The substantive provisions of this section are potential ARARs. 
This section provides conditions under which land use restrictions will apply to successive 
owners of land. 

• California Health and Safety Code§ 25202.5. · This section allows DTSC to enter into an 
agreement to restrict land uses. 

■ California Health and Safety Code§ 25232(b)(l)(A)-(E). This section sets forth land use 
restrictions for hazardous waste property. 

• California Health and Safety Code § 25233( c ). The substantive provisions of this section for 
obtaining written variances from land use restrictions are identified in Section B4.1.2.2 of 
Appendix B and are accepted as ARARs. Procedural requirements do not qualify as ARARs. 

• California Health and Safety Code§ 25234. The substantive provisions of this section for 
removing land use restrictions are identified in Section B4.1.2.2 of Appendix B and are accepted 
as ARARs. Procedural requirements do not qualify as ARARs. 

• California Health and Safety Code§§ 25222.1 and 25355.5(a)(l)(C). These sections provide 
DTSC the authority to enter into voluntary agreements with land owners to restrict use of 
property. The substantive provisions of this requirement are identified in Section B4.1.2.2 of 
Appendix B. 

• 22 CCR § 67391.1. The Navy recognizes that the substantive provisions of 22 CCR § 67391.1 
are state ARARs as stated in Section B4.1.2.2 of Appendix B . 

EPA Region 9 agrees that the substantive portions of the State statutes and regulations referenced in this 

section are ARARs. EPA Region 9 specifically considers subsections (a), (b), (d), and (e) of Cal. Code 

Regs., tit. 22 § 67391.1, to be ARARs for this FS Report. DTSC's position is that all of the State statutes 

and regulations referenced in this section are ARARs. 

Shoreline Protection 

The potential federal and state action-specific ARARs for constructing covers are also potential ARARs 

for the shoreline protection evaluated in this FS Report. In addition, construction of the shoreline 

protection would require dredging sediment from the shoreline of the bay. The Navy has identified the_ 

following potential federal and state action-specific ARARs for the shoreline protection: 

• Temporary tank requirements for treatment or storage of hazardous remediation waste in Cal. 
Code Regs. tit. 22, § 66264.553(b), (d), (e), and (f). 

■ Temporary staging pile requirements at 40 CPR § 264.554 ( d)(l )(i) through (ii), ( d)(2), ( e ), (f), 
(h), (i), (j), and (k). These requirements are applicable to excavated sediment that meets the 
definition of RCRA hazardous waste and relevant and appropriate to excavated soil that does not 
meet the definition of RCRA hazardous waste . 
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• 

• 

• 

• 

• 

• 

• 

• 

33 CFR § 320.4. This section presents general policies for evaluating permit applications for 
proposed discharge of dredged or fill material into waters of the United States (Note: Only 
substantive provisions of this regulation are considered ARARs; CERCLA response actions are 
exempt from permit requirements pursuant to Section 121[e] of CERCLA). 

33 CFR § 330.l(e)(3). This section identifies terms and conditions under the nationwide permit 
program for discharges into wetlands. 

40 CFR § 230.10. This section describes specific restrictions on the discharge of dredged or fill 
material into waters of the United States. 

40 CFR § 230.11. This section identifies the factual determinations necessary for making a 
finding 6f compliance with 40 CFR § 230.10. 

40 CFR §§ 230.20-230.25, 230.31, 230.32, 230.41, 230.42, and 230.53. These sections identify 
relevant factors to consider when evaluating the potential impacts of a discharge of fill material. 

40 CFR §§ 230.70-230.77. These sections identify potential actions to minimize adverse impacts 
of a discharge of fill material. 

40 CFR § 230.93. This section identifies general requirements for compensatory mitigation to 
offset losses from unavoidable impacts to waters of the United States. 

40 CFR ~§ 230.94(c), 230.95, 230.96, and 230.97. These sections identify required content for 
mitigation plans, including ecological performance standards and monitoring/management 
requirements. 

• San Francisco Bay Plan, Parts III and IV and Cal. Code Regs. tit 14 § 10700. The substantive 
provisions of the policies contained within Parts III and IV of the San Francisco Bay Plan and 
CaL Coqe Regs. tit 14 § 10700 are potential ARARs. The subject sections pertain to protection of 
specific poastal resources (specifically, tidal marshes and tidal flats) and identify specific 
conditions under which fill material may be placed in San ;Francisco Bay. 

The Navy has evaluated the proposed shoreline protection relative to the substantive provisions of the 

above requirements. This evaluation, presented in Appendix D, demonstrates that the proposed shoreline 

protection can be designed in a manner to comply with the substantive provisions of the above 

requirements. The Navy will mitigate the loss of the wetlands at Parcel E using on-site compensatory 

mitigation to be implemented in conjunction with the remedy for Parcel E-2 (Shaw, 2009). The final 

details of the plan for wetland mitigation will be included in the remedial design for Parcel E-2. 

Excavation and !Off-Site Disposal 

The Navy has identified the following potentially applicable action-specific ARARs for excavation and 
i; 

preparation for off-site disposal: 
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■ RCRA hazardous waste identification requirements atCaL Code Regs. tit. 22, § 66262.l0(a) 
and 11. 

• The requirement to analyze generated waste to determine if it is hazardous at Cal. Code Regs. 
tit. 22, § 66264.B(a)and (b). 

• Temporary tank requirements for treatment or storage of hazardous remediation waste in Cal. 
Code Regs. tit. 22, § 66264.553(b ), ( d), ( e ), and (f). 

• Temporary staging pile requirements at 40 CFR § 264.554 (d)(l)(i) through (ii), (d)(2), (e), (f), 
(h), (i), (j), and (k). These requirements are applicable to excavated soil that meets the definition 
of RCRA hazardous waste and relevant and appropriate to excavated soil that does not meet the 
definition ofRCRA hazardous waste. 

• Stormwater discharge requirements for construction that will disturb 1 or more acres at 40 CFR 
§§ 122.44(k)(2) and (4). The Navy will implement the substantive provisions of state general 
stormwater discharge permit, Orders 09-09-DWQ and 10-14-DWQ (adopted pursuant to Clean 
Water Act§ 402), to comply with the federal Clean Water Act ARARs and water quality state 
ARARs for discharge to surface water. The federal and state ARARs require best management 
practices and a storm water plan to meet the substantive numeric effluent limit and action level 
requirements. 

• The requirement to accurately characterize wastes under Cal. Code Regs. tit. 27, § 20200(c). 

■ 

■ 

The discharge requirements for designated waste to Class I or Class II waste management units at 
· Cal. Code Regs. tit. 27 § 20210 . 

The discharge requirements for nonhazardous solid to classified units at Cal. Code Regs. tit. 27, 
§§ 20220(b), (c), and (d). 

• The requirement that source emissions not equal or exceed 20 percent opacity for a period or 
periods more than 3 minutes in any hour under BAAQMD Regulation 6-302. 

• · Toxic control measures for airborne asbestos during construction, grading, quarrying, and surface 
mining operations at Cal. Code Regs. tit. 1 7, § 93105. 

Soil Vapor Extraction 

Any waste generated in implementing the SVE system would be disposed of off site at an appropriate 

facility. The potential federal and state action-specific ARARs identified for excavation and off-site 

4isposal of soil are potential ARARs for the waste generated in implementing the SVE system. In 

addition, the Navy has identified the following potentially applicable federal action-specific ARARs from 

the Clean Air Act for operating a SVE system: 

• The requirement to use the best available control technology for new emission sources contained 
in BAAQMD Regulation 2-2-301 

• The requirements for soil vapor extraction systems contained in BAAQMD Regulation 8-47 
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3.2.3.2. Potential Action-Specific ARARs for Groundwater Alternatives 

Remedial alternatives evaluated for Parcel E groundwater include the following types of actions, as 

discussed in more detail in Section 4: (1) institutional controls; (2) groundwater monitoring and 

monitored natur~l attenuation (MNA); (3) groundwater containment; (4) in-situ treatment; and (5) air 

sparging. The following discussion summarizes potential ARARs for these actions. 

Institutional Cohtrols ,, 

The potential state action-specific ARARs for institutional controls are identified and briefly described in 

Section 3.2.3.1; ARARs for institutional controls are discussed in detail in Appendix B (Section B4.1.2.2). 

Groundwater Monitoring and Monitored Natural Attenuation 

The Navy has identified the substantive provisions of the following requirements as potential relevant and 

appropriate federal and state action-specific ARARs for groundwater monitoring and MNA: 

■ 

■ 

■ 

■ 

■ 

·■ 

■ 

■ 

■ 

■ 

■ 

■ 

Constituent of concern requirements identified in Cal. Code Regs. tit. 22, § 66264.93 

Point of compliance requirements identified in Cal. Code Regs. tit. 22, § 66264.95 

The requirement to establish a sufficient number of monitoring points at Cal. Code Regs. tit. 22, 
§ 66264.97(b)(l)(A), (b)(l)(D)(l) and (2) 

Monitoring well construction requirements at Cal. Code Regs. tit. 22, § 66264.97(b)(4), (5), (6), 
and (7) : 

Sample collection requirements at Cal. Code Regs. tit. 22, § 66264.97(e)(6), (e)(12)(A)(3), 
(e)(12)(B), (e)(13), and (e)(15) 

The requirement to implement a corrective action monitoring program that demonstrates the 
effectiveness of the corrective action program at Cal. Code Regs. tit. 22, § 66264.100( d) 

I 

The requirement to determine if generated waste is hazardous at Cal. Code Regs. tit. 22, 
§§ 66262.lO(a) and 66262.11. 

The requirement to analyze generated waste to determine if it is hazardous at Cal. Code Regs. 
tit. 22, § 66264.13(a) and (b). 

The requirement that public agencies comply with tit. 27 to the extent feasible when taking action 
to clean up unauthorized releases at Cal. Code Regs. tit. 27, §20090(d) 

The requirement to accurately characterize wastes under Cal. Code Regs. tit. 27, § 20200(c). 

The disc~arge requirements for designated waste to Class I or Class II waste management units at 
Cal. Code Regs. tit. 27 § 20210. 

,, 

The disc~arge requirements for nonhazardous solid to classified units at Cal. Code Regs. tit. 27, 
§ § 20220(b ); ( c ), and ( d). 
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Groundwater Containment 

Groundwater containment options include a vertical slurry wall that would involve excavating a narrow 

trench below the water table, backfilling with a soil bentonite mixture, and disposing of the excess soil 

off-site. The Navy identified the following potential federal and state action-specific ARARs for this 

activity: 

■ 

■ 

■ 

RCRA hazardous waste identification requirements at Cal. Code Regs. tit. 22, § 66262.l0(a) 
and 11. 

The requirement to analyze generated waste to determine if it is hazardous at Cal. Code Regs. 
tit. 22, § 66264.13(a) and (b). 

Temporary staging pile requirements at 40 CPR§ 264.554 (d)(l)(i) through (ii), (d)(2), (e), (f), 
(h), (i), U), and (k). These requirements are applicable to excavated soil that meets the definition 
of RCRA hazardous waste and relevant and appropr1ate to excavated soil that does not meet the 
definition of RCRA hazardous waste. 

• The requirement that source emissions not equal or exceed 20 percent opacity for a period or 
periods more than 3 minutes in any hour under BAAQMD Regulation 6-302. 

• The requirement to accurately characterize wastes under Cal. Code Regs. tit. 27, § 20200(c). 

• The- disch~rge requirements for d~signated waste to Class I or Class II waste management units at 
Cal. Code Regs. tit. 27 § 20210 . 

• The discharge requirements for nonhazardous solid to classified units at Cal. Code Regs. tit. 27, 
§§ 20220(b), (c), and (d). 

• The requirement that source emissions not equal or exceed 20 percent opacity for a period or 
periods more than 3 minutes in any hour under BAAQMD Regulation 6-302. 

■ The asbestos airborne toxics control measure for construction, grading, quarrying, and surface 
mining operations at Cal. Code Regs. tit. 17, § 93105. 

Groundwater extraction is sometimes combined with physical barriers such as slurry walls. If deemed 

necessary, extracted groundwater would be collected, stored temporarily on site, characterized, treated 

(if necessary), and discharged to a publicly owned sanitary sewer system. These activities would comply 

with the substantive provisions of the following potential federal action-specific ARARs: 

■ 

■ 

■ 

RCRA hazardous waste identification requirements at Cal. Code Regs. tit. 22, § 66262.l0(a) and 
11. . \ . 

The requirement to analyze generated waste to determine if it is hazardous at Cal. Code Regs. tit. 
22, § 66264.13(a) and (b). 

Temporary tank requirements for treatment or storage of hazardous remediation waste in Cal. 
Code Regs. tit. 22, § 66264.553(b ), ( d), ( e ), and (f) . 

• Pretreatment standards contained in 40 CPR Part 403. 
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In-Situ Treatment 

In-situ treatment options include injection of either a biological substrate or a ZVI slurry into the 

subsurface. The Navy has identified the following potential federal action-specific ARAR under .the 

Underground Injection Control Program of the SDW A for these activities. 

• The prohibition against constructing, operating, maintaining, converting, plugging, abandoning, 
or condu~ting any other injection in a manner that allows movement of fluid containing any 
contaminant into underground sources of drinking water. This prohibition applies if the presence 
of the contaminant may violate any primary drinking water regulation under 40 CFR Part 142 or 
may othJrwise adversely affect the health of persons at 40 CFR § 144.12(a). The substantive 
provisions of 40 CFR § 144.12 [ excluding the reporting requirements in § § 144.12(b) and 
144.12( c)(l )l are potential applicable federal action-specific ARARs. 

Air Sparging 

The potential federal and state ARARs identified in Section 3.2.3.1 for SVE are also potential ARARs for 

air sparging. 

3.2.3.3. Potential Action-Specific ARARs for NAPL Alternatives 

• 

Remedial altema,tives evaluated for Parcel E NAPL (at IR-03) include the following types of actions, as 

discussed in more detail in Section 4: (1) source containment; (2) groundwater monitoring and MNA; 

(3) institutional controls; (4) source removal by thermally-enhanced extraction; (5) in-situ treatment; and • 

(6) excavation a~d off-site disposal. The following discussion summarizes potential ARARs for these 

actions. 

Source Containment 

A low-permeability cover is contemplated as a final closure component for IR-03 (former oil reclamation 

ponds). The Navy identified the substantive provisions of the following requirements as potential federal 

and state action-specific ARARs for the low-permeability cover at IR-03. 

■ Compaction: Cal. Code Regs. tit. 22, § 66264.228( e )(1 ). This section requires that, if waste is to 
remain in a unit, the unit shall be compacted before any portion of the final cover is installed. 

• P~st-cloilure water entry requirement that the final cover be designed to prevent the downward 
entry of water into the closed landfill throughout a period of at least 100 years at Cal. Code Regs .. 
tit. 22, § 66264.310(a)(l). 

' 
■ Final cover requirement to accommodate lateral and vertical shear forces generated by the 

maximum credible earthquake at Cal. Code Regs. tit. 22, § 66264.310(a)(5). 

• Final coyer maintenance requirements and final cover run-on and runoff controls contained in 
,. 

Cal. Coqe Regs. tit. 22, § 66264.310(b)(l) and (4). 

N:\Projects\2005 Projectsl2}i-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\Fina1Parce1E_FS.docx 

ERRG-6O11-O0OO-OOO6 3-24 

ERRG 

• 



• 

• 

• 

Section 3 RAOs, ARARs, GRAs, and Process Options 

■ 

■ 

Leachate collection and removal requirements at Cal. Code Regs. tit. 22, § 66264.31 0(b )(2), if 
needed based on results of groundwater monitoring. 

Survey benchmark maintenance required in Cal. Code Regs. tit. 22, § 66264.31 0(b )(5). 

• . Storm water discharge requirements for construction that will disturb 1 or more acres at 40 CFR 
§§ 122.44(k)(2) and (4). 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

The requirement that public agencies comply with Cal. Code Regs. tit. 27 to the extent feasible 
when taking action to clean up unauthorized releases at Cal. Code Regs. tit. 27, § 20090(d). 

Capping permeability requirements at Cal. Code Regs. tit. 27, §§ 20320 (c) and (d). 

Erosion control requirements at Cal. Code Regs. tit. 27, §§.20365(c) and (d) and 21090(c)(4). 

Post-closure requirement that the post-closure maintenance period shall extend as long as the 
wastes pose a threat to water quality at Cal. Code Regs. tit. 27, §§ 20950(a). 

Permanent monument requirements at Cal. Code Regs. tit. 27, § 20950(d). 

Foundation layer requirement at Cal. Code Regs. tit. 2 7, § 21090( a )(1 ). 

Erosion-resistant layer requirement at Cal. Code Regs. tit. 27, § 21090(a)(3). 

Final cover design, grading, and maintenance requirements at Cal. Code Regs. tit. 27, 
§ 21090(b )(1 ). 

Erosion and related damage prevention requirements at Cal. Code Regs. tit. 27, § 21090(c)(4). 

Aerial photographic survey, or alternative survey, requirements at Cal. Code Regs. tit. 27, 
§ 21090(e)(l) and (e)(3). 

Emergency response requirements at Cal. Code Regs. tit. 27, § 21130. 

Site security requirements at Cal. Code Regs. tit. 27, §§ 21135(£) and (g). 

Structure removal: Cal. Code Regs. tit. 27, § 21137. 

Final cover and alternative final cover standards at Cal. Code Regs. tit. 27, § 21140 (a) and (b). 

Final grading requirements at Cal. Code Regs. tit. 27, § 21142(a). 

Final slope requirements at Cal. Code Regs. tit. 27, § 21145(a). 

Drainage and erosion control system requirements at Cal. Code Regs. tit. 27, § 21150(a). 

• · Leachate collection and control requirements at Cal. Code Regs. tit. 27, § 21160(a) and (c). 

■ Postclosure requirement that the post-closure maintenance and monitoring extend for no less than 
30 years following closure at Cal. Code Regs. tit. 27, § 21180(a). 

The groundwater containment option contemplated for IR-03 is similar to the one evaluated under the 

groundwater alternatives. These potential federal action-specific ARARs for groundwater containment 

are identified in Section 3.2.3.2 . 
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Groundwater Monitoring and Monitored Natural Attenuation 

The potential federal and state action-specific ARARs for groundwater monitoring and MNA are 

identified in Section 3.2.3.2. 

Institutional Controls 

The potential state action-specific ARARs for institutional controls are identified in Section 3.2.3.1. 

Source Removal' by Thermally-enhanced NAPL Extraction 

There are no potential federal ARARs for heating the subsurface to mobilize NAPL for extraction. 

However, the Nivy has identified the following potential federal ARARs for the dual-phase (vapor and 

water) extractioll' process proposed for NAPL removal. 

• 

• 
• 
• 

• 

The requirement to use the best available control technology for new emission sources contained 
in BAAQMD Regulation 2-2-301. 

The requirements for soil vapor extraction systems contained in BAAQMD Regulation 8-47 . 

RCRA hazardous waste identification requirements at Cal. Code Regs. tit. 22, § 66262.l0(a) and 11 . 

The requirement to analyze generated waste to determine if it is hazardous at Cal. Code Regs . 
tit. 22, § 66264.13(a) and (b). 

Temporary tank requirements for treatment or storage of hazardous remediation waste in Cal. 
Code Re'gs. tit. 22, § 66264.553(b), (d), (e), and (f). 

• Pretreatment standards contained in 40 CFR Part 403. 

The potential federal and state action-specific ARARs identified for excavation and off-site disposal of 

soil are potential ARARs for the waste generated in implementing the thermal treatment system or NAPL 

removal. These potential ARARs are identified in Section 3.2.3.1. 

In-Situ Treatment 

The potential federal and state action-specific ARARs for in-situ treatment are identified m 

Section 3.2.3.2. , 

Excavation and Off-Site Disposal 

The potential federal and state action-specific ARARs for excavation and off-site disposal are identified 

in Section 3.2.3.1. 
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3.3 . ANALYSIS OF GENERAL RESPONSE ACTIONS AND PROCESS OPTIONS 

GRAs are categories of actions that are made up of technologies. Multiple process options may be 

available for each technology. These GRAs are responses or remedies that would meet the RAOs to 

protect human health and the environment from known contamination at Parcel E. Process options are 

specific technologies used to carry out a GRA. 

Section 3.3.1 describes the development of GRAs for Parcel E soil, shoreline sediment, groundwater, and 

NAPL. NAPL is evaluated separately to address the unique nature and extent of the NAPL (see Section 3.1.4). 

Section 3.3.2 presents the results of the analysis of the proposed GRAs and associated process options. 

3.3.1. Development of GRAs 

GRAs were developed based on professional engineering judgment and experience with response actions 

proven successful for the COCs at Parcel E and elsewhere at HPS. Because the RA Os were. developed 

based on the planned future land use, the GRAs were also developed based on the planned future land use 

of each redevelopment block. Table 3-6 presents the GRAs and the process options for soil and shoreline 

sediment. Table 3-7 presents the GRAs and process options for groundwater. A separate analysis is 

. presented for NAPL to address IR-03, the site of the former oil reclamation ponds. Table 3-8 presents the 

GRAs and process options for NAPL. 

The following GRAs were identified to ensure that the RAOs for all media are achieved. 

Soil and Shoreline Sediment 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

No action - Required GRA for CERCLA evaluation 

Institutional controls - Includes land use and access restrictions implemented through legal and 
administrative mechanisms (such as restrictive covenants and deed restrictions) to mitigate 
potential unacceptable exposure to chemicals in soil and shoreline sediment 

Engineering controls - Includes fencing, barriers, and signs to restrict access and potential 
unacceptable exposure to contaminated soil and shoreline sediment 

Monitoring - Includes soil gas monitoring to evaluate the potential for vapor intrusion 

Removal - Includes excavation and off-site disposal of contaminated soil and shoreline sediment 

Treatment - Includes in-situ and ex-situ treatment of soil or shoreline sediment to reduce the 
toxicity, mobility, and volume of chemicals 

Containment-Includes covering (1) contaminated soil to prevent direct exposure of humans 
through dermal contact, inhalation, or ingestion; and (2) contaminated shoreline sediment to 
prevent direct contact with humans or wildlife 
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Groundwater 

• No action-Required GRA for CERCLA evaluation 

■ 

■ 

■ 

■ 

■ 

■ 

Institutional controls - Includes land use and access restrictions implemented through legal and 
administrative mechanisms (such as restrictive covenants and deed restrictions) to mitigate 
potentialiunacceptable exposure to chemicals in soil gas or groundwater 

Engineering controls - Includes vapor barriers, sub-slab depressurization, and epoxy coatings to -
mitigate potential unacceptable vapor intrusion risk from VOCs in soil gas or groundwater 

Monitoring - Includes groundwater monitoring to assess changes in the concentrations of 
chemicals in groundwater 

Treatment - Includes in-situ and on-site ex-situ treatment of contaminated groundwater 

Removal - Includes pumping to remove contaminated groundwater and off-site treatment or 
disposal 

Containment - Includes installing (1) vertical barriers to control groundwater flow and limit 
migratioh of contaminated groundwater and (2) barriers or covers to prevent vapor intrusion or 
limit infiltration ·· ·· · 

NAPL (IR-03) 

■ No action - Required GRA for CERCLA evaluation 

• Institutional controls - Includes land use and access restrictions implemented through legal and 
administrative mechanisms (such as restrictive covenants and deed restrictions) to mitigate 
potentialynacceptable exposure to contaminated media at IR-03 

• Engineering controls - Includes fencing, barriers, and signs to restrict access and potential 
unaccept'able exposure to contaminated media at IR-03 

• Monitoring - Includes groundwater monitoring to assess the adequacy of remediation 

• Removal - Includes pumping or excavation to remove NAPL and associated contaminated soil 
and groundwater for off-site treatment or disposal 

• Treatment - Includes in-situ and on-site ex-situ treatment of NAPL and associated contaminated 
soil and groundwater 

• Containment- Includes (1) installing vertical barriers to control NAPL and limit migration of 
contaminated groundwater and (2) covering contaminated soil to limit infiltration and prevent 
direct exposure of humans through the dermal contact, inhalation, and ingestion exposure 
pathways 

3.3.2. Analysis of GRAs and Process Options 

Technologies anp process options for each of the GRAs selected for this FS Report underwent an initial 

screening. The goal of screening process options is to provide a "toolbox" of available technologies that 

can be applied ~s needed in the selected remedial alternative presented in the ROD to best achieve the 

,,.~,-
ERRG 
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RAOs. The language in the ROD needs to be flexible enough to allow application of appropriate 

technologies based on results of treatability studies and other design-related studies for various sites 

across Parcel E. 

During the initial screening, a range of technology types and process options were evaluated in terms of 

technical implementability, site conditions, waste characteristics, chemical properties, and the ability to 

meet NCP requirements and RAOs. Tables 3-6, 3-7, and 3-8 summarize the initial screening results for 

soil and shoreline sediment, groundwater, and NAPL, respectively. Those GRAs and process options that 

were carried forward from the initial screening were then analyzed with respect to effectiveness, 

implementability, and cost. Section 3.3.2.1 presents the analysis for the applicable process options for 

soil and .shoreline sediment, and Section 3.3.2.2 presents the analysis for the applicable process options 

for groundwater. Section 3.3.2.3 presents the analysis of the applicable process options for NAPL and 

associated soil and groundwater. Tables 3-9, 3-10, and 3-11 summarize the results of the detailed 

analysis for soil and shoreline sediment, groundwater, and NAPL, respectively. 

3.3.2.1. Screening and Detailed Analysis of GRAs and Process Options for Soil and Shoreline 
Sediment 

Potentially applicable GRAs identified for soil. and shoreline sediment at Parcel E consist of (1) no action, 

(2) institutional controls, (3) engineering controls, (4) monitoring, (5) removal, (6) treatment, and 

(7) containment. Table 3-6 presents the initial screening of technologies and process options for these 

GRAs. This table includes the various technology types, process options, and results of the screening 

analysis for each GRA for soil and shoreline sediment. The rationale for those options eliminated from 

further evaluation is presented in Table 3-6; these eliminated technologies and process options are not 

discussed further. 

All seven GRAs were retained for further evaluation, including no action. Removal process options were 

considered effective and implementable for many COCs, but were not considered implementable for the 

ubiquitous metals that are present in fill at Parcel E at concentrations greater than PRGs. Containment 

process options, supplemented with institutional controls, were considered effective and implementable 

for the ubiquitous metals at Parcel E. Most of the technologies and process options for treatment were 

eliminated during the initial screening for soil and shoreline sediment at Parcel E; only SVE was retained 

for evaluation. Treatment is not cost effective or as implementable as removal and containment process 

options. 

Those technologies and process options retained during the initial screening were evaluated for 

effectiveness, implementability, and cost,. in accordance with the NCP (specifically 40 CFR § 300.430 

[e][7]) and EPA RI/FS guidance (EPA, 1988; Section 4.25). Table 3-9 summarizes the results of the 

detailed analysis. The analysis of GRAs and process options focuses primarily on soil because site

specific conditions at Parcel E (including the volume of contaminated soil and the range of chemical 
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concentrations eiceeding PR Gs) require consideration of a wide range of potential response actions. The 

analysis of GRAs and process options for soil gas and shoreline sediment is briefly discussed in 

conjunction with the soil evaluation. A more detailed analysis of soil gas GRAs and process options is 

not needed becavse the existing data indicate that the primary areas of concern are localized and can be 

adequately addressed through a relatively narrow range of response actions (institutional controls, 
!I 

engineering controls, and removal and treatment at areas with collocated soil and groundwater 
I! 

contamination). '.: Similarly, site conditions along the Parcel E shoreline can be addressed through a 

relatively narrow range of response actions ( evaluated further in Appendix D). 

3.3.2.1.1. No Action 

The NCP requires that the no-action option be carried through the detailed analysis of alternatives. Under 

the no-action option, no response action would be implemented. Soil and shoreline sediment would be 

left as is without implementing any institutional controls, containment, removal, treatment, or other 

mitigating actions. Because soil and shoreline sediment at Parcel E pose a risk to human health and the 

environment unc.~er the anticipated future land use scenario, the no-action option would not be effective in 

achieving the RAOs. No cost is associated with this option because no action is taken. The no-action 

option will be re.tained for further evaluation as a remedial alternative for comparison purposes only, as 

required under tlie NCP. 

3.3.2.1.2. Institutional Controls 

Institutional controls, as defined by the DoD (2001), are nonengineering measures limiting potential 

exposures to a site or medium of concern or ensuring that engineering measures designed to remediate a 

site, or limit access to a site, remain in place. Similarly, EPA defines institutional controls as "non

engineering mea~ures designed to prevent or limit exposure to hazardous substances left in place at a site, 

or assure effecti~eness of a selected remedy" (EPA, 2000c ). 

,': 

Institutional Co:ntrols in General 
.: 

Institutional con~rols limit potential exposure to hazardous substances by restricting specified land uses 

and activities on! the parcel. The following paragraphs discuss institutional controls that are included in 

the potential reipedial alternatives for Parcel E, including institutional controls related to potential 

radionuclides and VOC vapors. Institutional controls are_ legal ~nd administrative mechanisms used to 

implement land use restrictions that are used to limit the exposure of future landowner(s) or user(s) of the 

· property to haza,rdous substances present on the property, and to ensure the integrity of the remedial 

action. Institutional controls are required on a property where the selected remedial cleanup levels result 
i• 

in contamination remaining at the property above concentrations that allow for unlimited use and 
~ . . 

unrestricted exposure. Institutional controls will be maintained until the concentrations of hazardous 
i'• 

substances in soil and groundwater are at such levels to allow for unrestricted use and exposure . 

--·-,,i 
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Implementation of institutional controls includes requirements for monitoring, inspections and reporting 

to ensure compliance with land use or activity restrictions. 

Legal mechanisms include proprietary controls such as restrictive covenants, negative easements, 

equitable servitudes, and deed notices. Administrative mechanisms include notices, adopted local land 

use plans and ordinances, construction permitting, or other existing land use management systems that are 

intended to ensure compliance with land use or activity restrictions. Th~ ARIC for CERCLA-regulated 

hazardous substances, including radionuclides, is presented on Figure 3-1. 

The Navy has determined that it will rely upon proprietary controls in the form of environmental 

restrictive covenants as provided in the "Memorandum of Agreement Between the United States 

Department of the Navy and the California Department of Toxic Substances Control" (hereinafter 

referred to as "Navy/DTSC MOA'') and attached covenant models (Navy and DTSC, 2000). 

More specifically, land use and activity restrictions will be incorporated into two separate legal 

instruments as provided in the Navy/DTSC MOA: 

1. Restrictive covenants included in one or more Quitclaim Deeds from the Navy to the property 
recipient. 

2. Restrictive covenants included in one or more "Covenant to Restrict Use of Property" entered 
into by the Navy and DTSC as provided in the Navy/DTSC MOA and consistent with the 
substantive provisions of Cal. Code Regs. tit. 22, § 67391.1. 

The "Covenant(s) to Restrict Use of Property" will incorporate the land use and activity restrictions into 

environmental restrictive covenants that run with the land and that are enforceable by DTSC and any 

other signatory state entity against future transferees and users. The Quitclaim Deed(s) will include the 

identical land use and activity restrictions in environmental restrictive covenants that run with the land . 

and that will be enforceable by the Navy against future transferees. 

The activity restrictions in the "Covenant(s) to Restrict Use of Property" and Quitclaim Deed(s) shall be 

defined in the land use control remedial design (LUC RD) report that would be reviewed and approved by 

the FF A signatories and, if deemed necessary, implemented through the Parcel E Risk Management Plan 

(RMP) to be prepared by the CCSF and approved by the Navy and FF A signatories. The LUC RD report 

shall be referenced in the applicable Covenant to Restrict Use of Property and Deed. 

In addition to being set forth in the "Covenant(s) to restrict Use of Property" and Quitclaim Deed(s) as 

described above, restrictions applied to specified portions of the property will be described in findings of 

suitability to transfer and findings of suitability for early transfer. 
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Access 

The Deed and Covenant shall provide that the Navy and FFA signatories, where applicable, and for CDPH 

in radiological ARJCs (Figure 3-1), and their authorized agents, employees, contractors and subcontractors 

shall have the right to enter upon HPS Parcel E to conduct investigations, tests, or surveys; inspect field 

activities; or construct, operate, and maintain any response or remedial action as required or necessary 

under •the cleanup program, including but not' limited to monitoring wells, pumping wells, treatment 

facilities, and cap and containment systems. 
I 

Implementation 

The Navy shall address and describe implementation of institutional controls and maintenance actions, 

including periodic inspections and reporting requirements in the preliminary and final RD reports to be 

developed and submitted to the FF A signatories and CDPH in regard to radionuclides for review 

pursuant to the FF A (see "Navy Principles and Procedures for Specifying, Monitoring and Enforcement 

of Land Use ConJrols and Other Post-ROD Actions" attached to the January 16, 2004, DoD memorandum 

titled "Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) Record of 

Decision (ROD) and Post-ROD Policy" [DoD, 2004]). The preliminary and final RD reports are primary 

documents as provided in Section 7.3 of the FFA (Navy, EPA, DTSC, and Water Board, 1991). 

Although the Navy may later transfer these procedural responsibilities to another party by contract, 

• 

property transfet agreement, or through other means, the Navy shall retain ultimate responsibility for • 

remedy integrity. 

· Activity Restrictions that Apply Throughout Parcel E 

The following sections describe the institutional control objectives to be achieved through activity 

restrictions throughout Parcel E to ensure that any necessary measures to protect human health and the 
I 

environment and;! the integrity of the remedy have been undertaken. 

Restricted Activities 

The following restricted activities throughout HPS Parcel E must be conducted in accordance with the 

"Covenant(s) to Restrict Use of Property," Quitclaim Deed(s), the Operation and Maintenance Plan(s), 

LUC RD report and, if required, the Parcel E RMP and any other work plan or document approved in 

accordance with these referenced documents: 

■ "Land disturbing activity," which includes but is not limited to (1) excavation of soil and 
sediment; (2) construction of roads, utilities, facilities, structures, and appurtenances of any kind; 
(3) demolition or removal of "hardscape" (for example, concrete roadways, parking lots, 
foundations, and sidewalks); ( 4) any activity that involves movement of soil to the surface from 
below th~ surface of the land; and (5) any other activity that causes or facilitates the movement of 
groundwater known to be contaminated with radioactive or nonradioactive chemicals. 
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■ Alteration, disturbance, or removal of any component of a response or cleanup action (including 
but not limited to pump-and-treat facilities, and soil cap and containment systems); groundwater 
extraction, injection, and monitoring wells and associated piping and equipment; or associated 
utilities. 

■ Extraction of groundwater and installation of new groundwater wells. 

■ Removal of or damage to security features (for example, locks on monitoring wells, survey 
monuments, fencing, signs, or monitoring equipment and associated pipelines and 
appurtenances). 

Prohibited Activities 

The following activities are prohibited throughout Parcel E: 

■ 

■ 

Growing produce in native soil for human consumption 

Use of groundwater 

Activity Restrictions Relating to Soil and Associated VOC Vapors at Specific Locations within 
Parcel E 

Any proposed construction and occupancy of enclosed structures within the ARIC for VOC vapors 

(Figure 3-1) must be approved by the FF A signatories in accordance with the "Covenant to Restrict Use . 

of the Property," Quitclaim Deed, and LUC RD to ensure that the risks of potential exposures to VOC 

vapors are reduced to acceptable levels that are adequately protective of human health. The ARIC for 

VOC vapors at Parcel E will be reevaluated as soon as practical based on the ongoing soil vapor 

investigation. As discussed in Section 2.3.3.2, the investigation at Parcel Eis scheduled for 2014. 

The reduction in potential risk can be achieved through engineering controls or other design alternatives 

that meet the specifications set forth in the ROD, RD reports, and LUC RD report. When construction .of 

enclosed structures or reuse of an existing building is proposed in an ARIC for VOC vapors (Figure 3-1), 

the design of the vapor control system built into foundations must be approved by the FF A signatories. In 

addition, enclosed structures within the ARIC for VOC vapors at Parcel E shall not be occupied until the 

Owner has requested and obtained FFA signatory approval (through approval of a Remedial Action 

Completion Report or similar document} that any necessary engineering controls or design alternatives 

have been properly constructed and are operating successfully. 

The ARIC may be modified by the FF A signatories and CDPH, if IR-02 and IR-03 are involved, as soil 

contamination areas and groundwater contaminant plumes that are producing unacceptable vapor 

inhalation risks are reduced over time or in response to further soil, vapor, and groundwater sampling and 

analysis for VOCs that establishes that areas now included in the ARIC do not pose unacceptable 

potential exposure risk to VOC vapors . 
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Additional Land Use Restrictions for IR-02 and IR-03 and Other Areas Designated for Open Space 
or Industrial Rtfose 

In addition to the specific activities prohibited below, IR-02 and IR-03 would be restricted to open space 

and recreational uses, unless written approval for other uses is granted by the FF A signatories and CDPH. 

In addition, the following land uses would be specifically prohibited unless written approval for such uses 

is granted by thel FFA signatories and the CDPH in accordance with the "Covenant(s) to Restrict Use of 

the Property," Quitclailll Deed(s), and LUC RD report:' 

■ 

■ 

■ 

■ 

A residence, including any mobile home or factory built housing, constructed or installed for use 
as residential human habitation 

A hospital for humans 

A school for persons under 21 years of age 

A daycare facility for children 

The restricted land uses identified above shall also apply to property areas in the Shipyard Shoreline Open 

Space District, as identified in the amended "Hunters Point Shipyard Redevelopment Plan" 

(SFRA, 201 0c ), unless written approval for such uses is granted by the FF A signatories in accordance 

with the "Covenant(s) to Restrict Use of the Property," Quitclaim Deed(s), and LUC RD report. Parcel E 

property areas within the Shipyard Shoreline Open Space District are identified as Redevelopment Blocks 

EOS-1, EOS-2, E;OS-3, EOS-4, and EOS-5 (Figure 1-2). • 

' 
In addition, land! use restrictions identified above shall also apply to property areas in IR-52 (Railroad 

Right-of-Way; se,e Figure 1-2), unless written approval for such uses is granted by the FF A signatories in 

accordance with:i the "Covenant(s) to Restrict Use of the Property," Quitclaim Deed(s), and LUC RD 

report. The fut~te reuse for IR-52 is predominantly light industrial, as identified in the redevelopment 

plan for the Ba~iew Hunters Point redevelopment project adjoining HPS (SFRA, 201 Ob). 

Additional Acti~ity Restrictions Related to Radionuclides at IR-02 and IR-03. 
1· 

Exposure to radi6active chemicals in the radiological ARIC, comprising IR-02 and IR-03 (see Figure 3-1), 
I • ., • 

would be prevented by three separate components: (1) an engineered cover, consisting of clean imported 

fill and (in some:,areas) a low hydraulic conductivity layer, to provide adequate shielding against residual 

radioactivity; (2):. permeable geosynthetic fabric to serve as a "demarcation layer" between soil cover and 

underlying soil with residual radioactivity; and (3) institutional controls to implement land use and 

activity restrictions necessary to limit the exposure to radiological hazardous substances and to ensure the 

integrity of the remedial action. 

In addition to the land use and activity restrictions specified earlier in this section, the following activity 

restrictions would apply in the radiological ARIC. 
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■ Land-disturbing activities within the radiological ARIC, as defined above and including 
installation of water lines, storm drains, or sanitary sewers below the demarcation layer, are . 

. strictly prohibited unless approved in writing by the FF A signatories and the CDPH. Any 
proposed land-disturbing activity within the ARIC for radionuclides shall be required to be 
described in a work plan that will include but not be limited to a radiological work plan, the 
identification of a radiological safety specialist, a soil managemenfplan, soil sampling and 
analysis requirements, and a plan for off-site disposal of any excavated radionuclides by the 
transferee in accordance with federal and s_tate law~ This work plan must also specify ·. . . . 
appropriate procedures for the prope~ 1d~~tificatio~ and handling of MPPEH. :Thi~ work plan 
must be submitted to and approved in writing by the FF A signatories and CDPH in accordance 
with procedures (including dispute resolution procedures) and timeframes that will be set forth 
in the Parcel E OMP and LUC RD report. 

• Following implementation of an approved land-disturbing activity within the radiological ARIC, the 
integrity of the cover/cap must be restored upon completion of excavation as provided in the Parcel E 
OMP, LUC RD report, or similar document. A completion report describing the details of the 
implementation of the work plan, sampling and analysis (if required), off-site disposal (if required), 
and the restoration of the integrity of the cover/cap must be submitted to and approved in writing by 
the FF A signatories and CDPH in accordance with procedures (including dispute resolution 
procedures) and timeframes that will be set forth in the Parcel E OMP and LUC RD report. 

■ For land-disturbing activities, as defined above and including installation of water lines, storm drains, 
or sanitary sewers above the demarcation layer, the LUC RD report, the OMP, or, if required, the 
Parcel E RMP or a project-specific work plan will list the procedures for ensuring that the cover is not 
disturbed or breeched. The specific design of the cover shall be agreed to in the RD. 

At the time of transfer, the areas that require this restriction will be surveyed to define·the legal metes 

and bounds for inclusion in the property transfer documents. No variance or exemption from this 

restriction shall be allowed unless written approval is provided by the FF A signatories and CDPH. The 

OMP for Parcel E or LUC RD report shall address any necessary additional soil and radiological 

management requirements; for example, inspections, monitoring, and reporting requirements for portions 

of Parcel E in the radiological ARIC. 

The process options related to institutional controls will be retained for development and evaluation of 

remedial alternatives. 

3.3.1.1.3. Engineering Controls 

Engineering controls are physical mechanisms that serve to restrict access and potential exposure to 

contaminated media. Process options include physical barriers such as fences and informational devices 

such as warning signs. Fences can be installed around the perimeter of the site to restrict public access. 

Signs warning of the presence and potential danger of hazardous materials can be posted to further 

mitigate exposure to contaminated media, Fencing and signs can be effective in controlling potential 

exposure to hazardous materials during implementation of remedial actions; however, their long-term use 
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as part of a remedy must be aligned with the planned reuse: For example, fencing that restricts public 

access would conflict· with the planned open space reuse of portions of Parcel E. In open space areas, 

fences would not be used as a permanent component of remedies because their use would conflict with 

the planned reuse. In areas planned for other reuses, fencing would not be used if another component of 

the remedy (for example, an asphalt cover) adequately prevented exposure to the contaminated media. 

· Signs would be an effective component to remedial alternatives that leave contaminated material in place. 

The process options related to engineering controls will be retained for development and evaluati.on of 

remedial alternatives. 

3.3.2.1.4. Monitoring 

Under CERCLA, site monitoring is a required component for any site remedy. Short-term monitoring is 

conducted to ensure that potential risks to human health and the environment are controlled while a site 

remedy is being·· implemented. Long-term monitoring can be used to track site chemicals following a 

remedial action . or to ensure that hazardous chemicals left in place are not migrating off site at 

concentrations tllat might affect humans or the environment. 

As discussed ab\,lVe, soil gas monitoring will be used to determine whether vapor intrusion risks from 

VOCs have heed adequately reduced so that the ARIC may be modified. Future soil gas monitoring will 

be performed to i: evaluate the potential for vapor intrusion and assess the need for further monitoring, 

remediation, or institutional controls. 

The process options related to monitoring will be retained for development and evaluation of remedial 

alternatives. 

3.3.2.1.5. Removal 

As identified in Table 3-6, excavation and off-site treatment and disposal is the primary process option for 

the removal GRA. The following paragraphs evaluate the excavation and off-site treatment and disposal 

process option relative to effectiveness, implementability, and cost. 

Consistent with EPA Rl/FS guidance (EPA, 1988), the evaluation of process options should focus 

primarily on the following factors relating to effectiveness: 

• 

• 

• 

The potential effectiveness of the process option in handling the estimated areas and volumes of 
contamiriated media and meeting the PRGs identified in the RAOs. 

!I 

The potehtial impacts to human health and the environment during the construction and 
I . 

implementation phase. 
!1 

I: 

The deglee to which the process option is proven and reliable in addressing the site-specific 
contaminants and conditions. 
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Excavation and off-site treatment and disposal is an effective option for all contaminant groups associated 

with soil at Parcel E, and has been successfully implemented during interim cleanup actions at Parcel E. 

In addition, excavation and off-site treatment and disposal is an effective option for steam and fuel lines 

(IR-45 and IR-47, respectively) within Parcel E; the steam and fuel lines are addressed in the removal 

GRA for soil. Some pretreatment such as stabilization may be required or preferred to meet land disposal 

restrictions so that the most .economical disposal option can be applied. Important considerations with the 

excavation and disposal technologies include excavation volume, fugitive emissions, hauling distance, 

and ~ype of treatment and disposal facility for finai deposition. The excavatio~ cleanup crit~riawould be 

specific to the reuse type and chemical-specific PR Gs presented in Sections 3 .1.1.3 and 3 .1.2.3. 

The estimated areas and volumes requiring excavation and off-site treatment and disposal is potentially 

very large considering the history of HPS and the nature and extent of contamination. Most of the near

surface soil at Parcel E is fill that was placed at the parcel. As described in Section 2.2.6.1, studies have 

shown that metals ( arsenic, nickel, manganese, and others) are present at elevated concentrations in the 

local bedrock that was used for fill across HPS (ITSI et al., 2004). The Navy acknowledges that 

industrial sources for metals exist, and that some concentrations of metals have sources other than 

naturally occurring bedrock. However, with a few exceptions, the widespread distribution of these 

ubiquitous metals remaining in soil is consistent with the concentrations present in native bedrock. The 

following paragraphs estimate the areas and volumes that would potentially require excavation and 

off-site treatment and disposal to address the PRGs identified in the RAOs, and discuss the potential 

effectiveness and reliability of excavation and off-site treatment and disposal in addressing the estimated 

areas and volumes. 

Excavation of ubiquitous metals, along with other chemical contamination exceeding PRGs that may be 

present over large portions of Parcel E, could involve excavating most of Parcel E to 10 feet bgs ( or to 2 feet 

bgs in the open space areas or to the top of the bedrock surface where the depth to bedrock is less than 

10 feet). The estimated excavation volume would be about 1,300,000 cubic yards (72 acres of open space 

areas excavated to 2 feet bgs; 66 acres of non-open space areas excavated to 10 feet bgs ). Experience from 

removal actions in Parcels E and E-2 has provided useful information for evaluating potential waste 

excavation, including field production rates, types of wastes encountered, and level of effort to implement 

site-specific requirements (e.g., the requirement to screen material excavated in Parcel E for radioactivity). 

However, the contemplated excavation volume is over 11 times the total volume of material removed at the 

four removal action areas at Parcels E and E-2 (113,400 cubic yards removed from the Metal Slag Area, 

PCB Hotspot Area, IR-02 Northwest and Central Removal Action Area, and Metal Debris Reef). 

Excavation of such large volumes is possible but the overall effectiveness and reliability of such an option 

is complicated because of the following factors: 
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• Radiological screening, characterization, and confirmation sampling of all soils and debris 
transport~d from the site (for disposal and treatment) and to the site (for backfill and restoration) 

■ Locating' and importing multiple, large-volume sources of backfill material that are free of 
contami~ation and do not contain metals concentrations in excess of existing ambient levels 

■ Groundwater inflow control for excavation below the water table 

■ Controls:required to minimize, manage, treat (if necessary), and dispose of contaminated water 
during ex_cavation and waste segregation proce.sses 

■ 

. • 1, . . . ·_ • • • . • • • • 

Control of potential releases of chemicals from waste and soil during removal and transport 
through the surrounding neighborhood 

In addition, this ,excavation scenario would likely require multiple years of continuous construction to 

complete, and the resulting traffic, noise, and emissions from heavy equipment operation would affect the 

local population.! These challenges directly correspond to the high projected costs. The primary factors 

that result in the pigh costs of excavatioi:i and disposal are: 

• Large volume of soil and shoreline sediment to be excavated and disposed of off site 

• Large volume of soil and shoreline sediment to be screened for radiological contamination, 
sampled for characterization, and transported and treated or disposed of off site 

• Large volume of imported clean fill required for backfill to restore the site 

Overall, the potentially poor short-term effectiveness, implementation challenges, and high cost of 

excavating most of the soil at Parcel E do not offset the long-term effectiveness of such an action. 

Therefore, using the framework established in EPA guidance (EPA, 1988) and the NCP (55 Federal 
I 

Register 8849, March 8, 1990), excavation.is not a feasible option (effective or implementable) to address 

removal of ubiquitous metals at concentrations exceeding PRGs. Because excavation of ubiquitous 

metals at Parcel :E is not feasible, other process options must be identified that can prevent exposure of 

humans and wil<llife to ubiquitous metals concentrations in soil that exceed PRGs. Institutional controls 

and covers can be implemented throughout Parcel E, as described in Sections 3.3.2.1.2 and 3.3.2.1.7, to 

effectively prevent exposure of humans and wildlife to COCs in soil at concentrations exceeding PRGs. 

If institutional cc;mtrols and covers are implemented throughout Parcel E, then excavation would not be 

required to preyent exposure to relatively low concentrations of COCs exceeding PRGs (with an 

associated risk tpat falls within the risk management range [i.e., 10-4 to 10-6] specified in the NCP).-
" 

Rather, excavation would focus on removing higher concentrations of COCs that pose a more substantial 

risk to humans and wildlife. 

As a result, excavation options evaluated in this FS Report will focus on removing (1) COCs at 

concentrations significantly exceeding PR Gs (by either 5 or 10 times) and (2) COCs indicative of a source 

to groundwater 9ontamination that may pose a risk to humans or wildlife. A focused excavation process 

~-~~: .. 
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would reduce COC concentrations so that remaining incremental risk is within the risk management range 

(i.e., 10-4 to 10-6) specified in· the NCP. Other process options (such as, institutional controls or 

engineered covers) would address the exposure pathway for any remaining low-level organic chemical 

concentrations exceeding PRGs, consistent with NCP, 40 CFR § 300.430 (a)(l)(iii)(B). The NCP states 

that containment technologie~ are likely to be appropriate for sites with relatively low-level threats or 

··:where treatment is impracticaL 

Proposed excavations are presented in Section 4.2.3. Costs for the excavation proc~ss option would be 

high. The excavation technology is retained for developm~nt and evaluation ofremedi~l alternatives. 

3.3.2.1.6. Treatment 

Treatment processes directly reduce the toxicity, mobility, or volume of chemicals. As identified in 

Table 3-6, SVE is the only treatment technology for soil that was retained following an initial screening; 

Table 3-6 identifies other treatment technologies for soil and explains why such technologies were not 

retained for a more detailed evaluation. SVE is widely recognized as an effective technology for removal 

of VOCs from_ unsaturated soil. Results of pilot tests of SVE at HPS have shown that this technology is 

implementable and of moderate cost. Results of pilot testing of SVE at Building 406 in Parcel E have 

shown this technology to be effective for reducing the mass of VOCs in soil (IT Corporation, 2002). SVE 

will likely be effective at addressing residual concentrations of VOCs in soil and soil vapor following or 

in conjunction with groundwater remediation. Air sparging may be used to enhance the removal of VOCs 

in soil and in groundwater, where the need. for SVE and remediation of VOCs in groundwater overlap. 

Treatment of extracted VOCs, using granular activated carbon (GAC) or a permanganate-impregnated 

zeolite (for vinyl chloride), is also a proven technology that can be implemented. Implementation and 

operation costs of an SVE system are considered moderate. Further soil vapor studies, such as passive 

soil gas sampling, would be performed prior to the RD. The studies would form the basis for determining 

the areas where SVE treatment would be used. The SVE process option is retained for development and 

evaluation of remedial alternatives. 

3.3.2.1. 7. Containment 

Containment processes are intended to isolate contaminated soil to prevent direct exposure to and 

migration of chemicals. 

Covers 

Surface covers are the most appropriate containment process options for soil at Parcel E. Cover materials 

used to prevent direct exposure· may include clean soil, asphalt, concrete, or an engineered cover. 

Engineered covers typically consist of a combination of soil and synthetic materials (geosynthetic liners) 

that create a low-permeability barrier that limits surface infiltration, thereby minimizing migration of 
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chemicals in the soil to the underlying groundwater. The material to be used will depend on the planned 

reuse associated ~ith each redevelopment block. 

. General considerations for implementing covers include: 

• Existing ~sphalt and concrete surfaces and buildings would be considered existing covers so long as 
they block the exposure pathway from sop to the potential surface ryceptors (humans). Eiisting 
asphalt cbuld be rehabilitated with an asphalt.seal coat, and concrete surfaces and.building floors . 

" . . . ' 

■ 

could be patched, so long as the patches and seals adequately block the pathway. Rehabilitation of 
existing covers would be designed to meet the same minimum requirements as new covers. 

Where cc;ivers are needed, areas would be covered with a durable material that would be 
maintained to minimize breakage, erosion, or deterioration such that the underlying soil becomes 
exposed.~ Standard construction practices for roads, sidewalks, and buildings would likely be 
adequate to meet this performance standard. Other examples of covers could include a minimum 
4 inches :of asphalt ( or 2 inches of asphalt over a 4- to 6-inch base), a minimum 2 feet of clean 
imported soil, or other engineered cover design. All covers must achieve a full cover over the 
entire ar~a designated as requiring cover. The exact nature and specifications for covers could 
vary froiµ block to block, but all covers must meet the performance standard of preventing 
exposurJ to soil and being durable. The cover design, including details on how the cover will be 
finished at the seawall at the southeast portion of Parcel E (see Figure 1-2), will be provided in 
the RD. 1 Table 3-12 summarizes the types of covers evaluated as remedial technologies and the 
associated performance standards that apply to the individual types of covers. The performance 
standards for covers are adequately specified in the ARARs described in Section 3.2.3.1, and 

i· . 
would not be altered in the RD. 

• Engineered covers would be used in areas where COCs in soil are a source to groundwater 
contamination that may pose a risk to humans or wildlife. The performance standards would be 
developed in the RD but would be based on the goal of limiting infiltration through the unsaturated 
zone to minimize generation of contaminated groundwater. For evaluation purposes in this FS 
Report, two engineered cover options were retained (a reinforced geosynthetic clay liner [GCL] and 
high-density polyethylene [HDPE] geomembrane); these options would be adequate to limit 
infiltration and minimize generation of contaminated groundwater. Both of these cover options will 
also inclilde and underlying soil foundation layer and overlying soil vegetative cover. 

• Drainage for asphalt and concrete covers would be consistent with the adjacent existing covers. 
Drainag~ for soil covers would be engineered to minimize erosion and prevent standing water. 

• All existing or newly installed covers would need to be maintained. The ROD will include 
languagy concerning cover maintenance and integrity. The language will reference the land use 
or activity restrictions that control human intrusions of the cover through periodic inspections and 
reporting to the FF A signatories and CDPH (for activities within the radiological ARIC). 
Maintenance includes inspections and repairs for covers that are left in place during future land 
use. If tpe future land use requires excavation or demolition of the covers during construction, 
equival~nt barriers would need to be installed in exposed areas. Any modification of existing 
hardscape would be subject to the institutional controls described in Section 3.3.2.1.2. 
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• Where needed, covers would be maintained to laterally contain· the soil up to the seawalls 

■ 

(see Figure 1-2). The RD will include plans for a performance standard for completion near the 
seawalls, as well as inspection, maintenance, and identification of problems. 

Sampling requirei:ne11ts associated with disturbance of covers will be in accordance with the OMP 
and will be subject to the review and approval of the FFA signatories and CDPH (for activities · 
within the radiological ARIC). 

The technology of covers. andthe process options of asphait, soil, and engineered .covers are effective, so . 

long as the covers are properly installed and maintained and are replaced after excavation or demolition 

during redevelopment..· The implementability and cost of covers are expected to be moderate because they 

are already in place at most of the redevelopment blocks at Parcel E. 

The process option of soil and asphalt covers and engineered alternative covers 1s retained for 

development and evaluation of remedial alternatives. 

Shoreline Protection Technologies and Process Options 

Shoreline protection works are used to retain or rebuild natural systems (such as cliffs, dunes, wetlands, 

-and beaches) or to protect manmade structures (such as buildings, infrastructure, engineered berms, etc.) 

landward of the shoreline. In the case of Parcel E, shoreline protection is necessary to help control 

migration or erosion of contaminated shoreline sediments, and to help prevent exposure of wildlife to 

contaminated shoreline sediments. 

Appendix D evaluates various shoreline protection options that could be implemented at the Parcel E 

shoreline in conjunction with options that address onshore soil. The evaluation consists of (1) an initial 

screening of various shoreline protection options, (2) a detailed evaluation of the retained options and 

identification of the most viable options, and (3) a regulatory analysis of the most viable options relative 

to the pertinent location- and action-specific ARARs identified in Sections 3.2.2 and 3.2.3. Appendix D 

evaluates three shoreline protection options in detail relative to their effectiveness, implementability, and 

cost, in accordance with the NCP (specifically Title-40 CFR § 300.430 [e][7]) and EPA RI/FS guidance 

(EPA, 1988, Chapter 4.2.5). The conclusions of the detailed evaluation are summarized below. 

■ Armoring: Rock revetment - The armoring (rock revetment option) would provide a robust 
containment system that is readily implementable and is the most'cost-effective of the three 
shoreline protection options; however, this option limits pedestrian access and shoreline 
recreation and may not be considered aesthetically pleasing by site users. 

• Hybrid Shoreline Stabilization: Natural shoreline materials with an offshore reef - This is not a 
reliable option to"control erosion and prevent exposure to contaminated sediments. Although this 
option would provide habitat for aquatic wildlife and would be visually appealing to future users 
of the shoreline, it would also limit shoreline recreation, pose significant implementation 
challenges, and have a high cost compared with the other shoreline protection options . 
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■ Hybrid Shoreline Stabilization: Natural shoreline materials with underlying rock armor - This 
option would provide an effective and reliable containment system that is readily implementable 
and would not limit pedestrian access or shoreline recreation; however, this option requires 
potentially significant long-term operation and maintenance (O&M) and has a moderate cost 
compare~ with the other shoreline protection options. 

. . 1 . . 

Bas~d on the· evaluation presented in Appendix D, the most viable shoreline _protection options for the . 

Parcel · E shorel~e are armoring (rock revetment) and hybrid -stabilizatio~ using natural shoreline 

materials with underlying rock armor. The hybrid stabilization option using natural shoreline materials 

with an offshor6 reef will not b~ carried forward to the detailed evaluation of remedial alternatives 

primarily because it would not reliably control erosion and prevent exposure to contaminated sediments; 

this option would also limit shoreline recreation and pose significant implementation challenges. 

However, the Navy encourages the CCSF to evaluate the offshore reef as a non-CERCLA post-transfer 

project and coordinate with appropriate regulatory agencies. The Navy will continue to work closely with 
i . 

CCSF and other istakeholders to align the remedial alternatives for Parcel E with CCSF's redevelopment 

project to the maximum extent practical. 

The armoring (rpck revetment) option is the most appropriate approach for protecting the steep and 

narrow shoreline'' areas. Steep and narrow areas of the intertidal shoreline zone are predominately narrow 

(most of the area is 50 feet wide or less) with predominately steep slopes (1 foot of vertical rise for each 

3 feet of horizontal distance [1 V:3H]). The hybrid stabilization option using natural shoreline materials 

with underlying rock armor is the most appropriate approach for protecting the gradually sloped and wide 

shoreline areas. Gradually sloped and wide areas of the intertidal shoreline zone are predominately wide 

(most of the ared is greater than 50 feet wide) with predominately gradual slopes (less than· 1V:3H,.with' 

many portions close to 1 V: 1 OH). These two options are retained for further analysis because they are 

anticipated to have a reasonable cost and effectively achieve the RA Os for shoreline sediment ( described 

in Section 3.1.2.3). 

3.3.2.2. Screening and Detailed Analysis of GRAs and Process Options for Groundwater 

Potentially applicable GRAs identified for groundwater at Parcel E consist of (1) no action, 

(2) institutional ;¢ontrols, (3) engineering controls, ( 4) monitoring, (5) treatment, (6) removal, and 

(7) containment. i Table 3-7 presents the initial screening of process options for the remedial technology 

types for the groundwater GRAs. This table presents the various technology types, process options, and 

results of the screening analysis for each groundwater process option. The rationale for those 

technologies and process options eliminated from further .evaluation is presented in Table 3-7; these 

technologies andlioptions are not discussed further. -·. - . 
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Those process options retained during the initial screening are evaluated for effectiveness, 

implementability, and cost and are discussed in this section. Table 3-10 summarizes the results of the 

detailed evaluation. 

3.3.2.2.1. No Action 

The NCP requires that the· no-action option be carri<;:d through the detailed analysis of altern·atives. Under 

the' no~action option,' no response action is t~ken.' ' .Groundwater ~01:1ld' be left, as· is' .~without 

· implementation of any institutional controls, containment, removal, monitoring, treatment, or other 

mitigating actions. Groundwater at Parcel E poses a risk to human health and the environment based on 

the current HHRA and ERA. Therefore, the no-action option would not be effective in achieving the 

RAOs. 

No cost is associated with this option because no action is taken. The no-action option is retained for 

further evaluation as a remedial alternative for comparison only, as required under the NCP. 

3.3.2.2.2. Institutional Controls 

As discussed in Section 3.3.2.1.2, the Navy will use institutional controls that limit potential exposure to 

hazardous substances by restricting specified land uses and activities on the parcel. Land use and 

activity restrictions, including restricted land uses, restricted activities, and prohibited activities are 

• discussed under the evaluation of soil process options in Section 3.3.2.1.2. 

• 

The process options related to institutional controls are retained for development and evaluation of 

remedial alternatives. 

3.3.2.2.3. Engineering Controls 

Vapor barriers are engineering controls that can be used to mitigate potential vapor intrusion risk from 

VOCs in soil gas or groundwater. Sub-slab depressurization and epoxy coatings were identified as two 

process options that are potentially applicable for Parcel E. Sub-slab depressurization involves a system 

of vapor collection wells installed below the building, wi~h blowers to maintain a negative pressure 

gradient and prevent vapor intrusion,. Epoxy coatings are used on the floor of the building· to seal and 
L 

provide a physical barrier to vapor migration. Vapor barriers are easy to implement, effective, and low 

cost. These process options are adequate to develop and evaluate the remedial alternatives for Parcel E. 

Additional vapor barrier options may be evaluated during the RD; however, any alternate vapor barrier 

would need to satisfy the RAOs. 

3.3.2.2.4. Monitoring 

Monitoring is an effective technology for assessing changes in the concentrations of chemicals in 

groundwater. Groundwater monitoring can detect potential increases in concentrations or migration of 
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chemicals that could increase the risk of exposure of humans or marine organisms in San Francisco Bay. 

Based on the contaminant levels at Parcel E, long-term groundwater monitoring would likely be 

necessary, depending on the effectiveness of the remedial alternative. The groundwater monitoring 

parameters winie det~rmined i~ th~ RD. Focused sampling at weHs or areas wher~ water quality criteria ' ' 

have been exceeded will be evaluated' at that tirrie. 'Monitoring wo~ld' occur in all ~ater~beari~g ·. zones . 

.. ~pere:chemicals have be.en reported at.concentrations that may pose a risk to human~ o; "'ildlife·. The 

1r10nitoring option would be easy to implement at moderate cost. nie long-term groundwater monitoring . . . 

process option is retained for development and evaluation of remedial alternatives. 

3.3.2.2.5. Treatment 

A-aquifer groundwater at Parcel E contains COCs at concentrations exceeding PRGs. Based on the 

HHRA, VOCs iri A-aquifer groundwater pose risk to human health; the exposure pathway is from vapor 

intrusion into indoor air. Additionally, metals (copper, lead, nickel, and zinc), PCBs (Aroclor-1254, 
,, 

Aroclor-1260), pesticides (4,4'-DDE, alpha-chlordane), and TPH are also COECs in groundwater that 

may migrate and discharge to San Francisco Bay at concentrations high enough to affect aquatic wildlife. 

Passive Treatment Methods 

MNA is a passive treatment method that monitors natural processes and the resulting reduction in 

chemical concentrations in groundwater. 

This process option involves natural subsurface processes such as dilution, volatilization, biodegradation, 
/i 

adsorption, and 'chemical reactions with subsurface materials that are allowed to reduce chemical 

concentrations to acceptable levels. Consideration of this option usually requires modeling and 

evaluation of chemical degradation rates and pathways and predicting chemical concentrations at 

downgradient receptor points, especially in cases where the plume is still expanding and migrating. The 

primary objectiv~ of site modeling is to demonstrate that natural processes of chemical degradation will 

reduce chemical' concentrations to below regulatory standards or RBCs before potential exposure 

pathways are completed. In addition, long-term monitoring must be conducted throughout the process to 

confirm that degradation is proceeding at rates consistent with achieving the RAOs. 

The following fa<:tors may limit the applicability and effectiveness of MNA: 

• Extensive amounts of data must be collected and analyzed to determine plume behavior 

• MNA should be used only where there are no effects on potential receptors 

• Subsurface conditions may not be conducive to MNA for COCs 

MNA would not be sufficiently effective as a single response action to achieve the RAOs. However, if 

institutional controls are implemented and other response actions are undertaken to reduce contamination 

in the source area,, MNA would likely be an effective tool for managing residual contamination. 

----; 
ERRG 
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Extensive guidance is available in support of the MNA approach and extensive field testing d~monstrates 

its effectiveness (EPA, 1999b ). MNA may be appropriate following remediation of source areas. MNA 

is retained for development and evaluation of remedial alternatives. 

In-Situ Physical Groundwater Treatment 

In~situ physical treatment process options for Parcel E groundwater include air spargirtg and pneumatic 

. fracturing. Both ofthese processes. ~re intended f~r use in conjunctio-n ~ith other processes as a part ofan 

· integrated remedial alternative. Each process option is discussed below. 

Air Sparging with SVE 

In areas where voes are present in groundwater at concentrations requiring action and SVE is proposed 

as a soil remedy, air sparging may also be implemented to promote accelerated vapor extraction, as well 

as to enhance removal of voes from groundwater. Air sparging is an in situ remedial technology that 

reduces concentrations of volatile constituent~ in petroleum products that are ·adsorbed. to soils and 

dissolved in groundwater. This technology involves the injection of air into the saturated zone, enabling a 

phase transfer of hydrocarbons from a liquid to a vapor phase. The vapor plume is then vented through 

the unsaturated zone. When air sparging is combined with SVE, the SVE system creates a negative 

pressure in the unsaturated zone through a series of extraction wells to control the vapor plume migration. 

Air sparging is generally more applicable to the lighter gasoline constituents (i.e., benzene, ethylbenzene, 

toluene, and xylene), because they readily transfer from the dissolved to the gaseous phase. The .SVE 

approach is also discussed in the evaluation in Section 3.3.2.1. The air sparging treatment process option 

redu'ces the toxicity, mobility, and volume of hazardous substances in groundwater and satisfies the RAOs. 

Pneumatic Fracturing 

In-situ treatment methods often require injection of substrate or solutions into the subsurface. To achieve 

treatment, the injected solutions must come into contact with eoes in groundwater. Common factors 

that prevent the even distribution of injected solutions include preferential flow paths and low

permeability zones. In areas where these factors may be present, air or water may be injected into the 

subsurface, prior to injecting the treatment solution, to fracture the subsurface, creating cracks in low

permeability zones. These fractures enhance the distribution of the treatment solutions and associated 

treatment efficiency. 

In-Situ Biological Groundwater Treatment 

The retained in-situ biological treatment technologies consist of aerobic and anaerobic treatment. 

In-Situ Aerobic and Anaerobic Treatment 

In-situ biological treatment technology consists of aerobic and anaerobic reaction process options in the 

aquifer that degrade the dissolved-phase organic chemicals to less toxic compounds.. These in-situ 
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processes tend to be more economical than ex-situ processes because no removal or handling of 

groundwater is required for these methods. In-situ biodegradation is generally implemented by injecting 

into the contaminant plume a nutrient substrate that. may be. infused. with microorganisms specific for 

· · degra~ing eoes. This process optio~ ~ay also be implimented by injectlng only a nutrient substrate to 

-enhance the grcnyth of nat,ur~lly occurring microo~giillisnis. 
. .· . .·· .. . . . . . 

Under both aero,bic and anaerobic process options, the microorganisms metabolize and mineralize the 

eoes into less toxic byproducts. Some organisms degrade specific compounds anaerobically, while 

others degrade compounds aerobically. For example, anaerobic conditions are best for degrading 

chlorinated compounds (such as PeE and TeE); this is also known as reductive dechlorination. 

Anaerobic degradation effectiveness diminishes when compounds are degraded to vinyl chloride. 

Therefore, monitoring would be needed to evaluate whether aerobic in-situ biological groundwater 

treatment would be needed to treat vinyl chloride or any other residual chemicals better treated by aerobic 

in-situ biological groundwater treatments In-situ biological groundwater treatment is not effective for 

extremely high concentrations or NAPL; however, these processes would be effective for moderate 

concentrations ofVOes found at Parcel E, assuming the optimal species and nutrients are applied. 

A GWTS at Parcel e demonstrated that n;tive microorganisms present in the A-aquifer are capable of 

degrading voes using anaerobic processes (Shaw, 2005). This study also demonstrated that aerobic 

bioremediation is effective for fuel-related products such as naphthalene and for chlorobenzenes, as well 

as for less-chloriilated voes (such as vinyl chloride) (Shaw, 2005). Oxygen sparging or introduction of a 

proprietary subs~rate such as oxygen release compounds could be used to generate aerobic conditions. 

Although it is n9t effective in treating most metals in groundwater, in-situ biodegradation is an effective 

treatment option! for voes and SVOes. Additionally, the mobility of metals may be decreased following 
' 

in-situ biodegra4:ation treatment, as a byproduct of the induced reductive groundwater conditions. 
!', 

The in-situ bioldgical treatment process option reduces the toxicity, mobility, and volume of hazardous 
I! 

substances in gri:mndwater and satisfies the RAOs. The in-situ biological groundwater treatment process 
·1 

option is a stand~rd and proven technology that is easily implemented; however, the number of chemicals 

and possibility ?f encountering pockets of NAPL at Parcel E will likely drive costs higher than they 

would be at a site with a less complex contaminant distribution. 

The other major challenge to the in-situ biological groundwater treatment technology is achieving 

effective mass tr~nsfer of the substrate throughout the treatment zone. Because the subsurface at Parcel E 

is primarily fill rhaterial, the site has inherent preferential pathways ancl variable den~ities. The fill is not 

a uniform material that allows for reliable prediction of permeability and flow paths. To effectively inject 

substrate throughout the treatment zone, targeted hydraulic fracturing could be used to create pathways. 

Where that is ineffective, treatment could be accomplished by extracting groundwater, performing ex-situ 
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m1xmg of the groundwater and in-situ bioremediation (ISB)-enhancing products, and reinjecting the 

groundwater into the subsurface. The aerobic and anaerobic bioremediation process options are retained 
. . . 

for development and evaluation ofremedial alternatives for groundwater. 

In~Situ Chemical Groundwater Treatment· · 

in~situ chemical groundwater treatment technology corisistsof ofidatfori ancl red~ction reactio~ proces~ .· . 

options in the aquifer to degrade dissolved-phase chemicals to less toxic compounds or to precipitate 

chemicals_ within the aquifer. As with in-situ biological remediation, no removal or handling of 

groundwater is required. This factor tends to make in-situ processes more economical than ex-situ 

processes. The paragraphs below describe the retained in-situ chemical groundwater treatment 

technology for Parcel E. 

In-Situ Chemical Reduction (ZVI Injection) 

. A reduction reaction is generally most appropriate for chlorinated compounds and, to some degree, for 

metals; therefore, a reduction reaction would be most effective for VOCs present in groundwat~r at 

Parcel E. Chemical degradation through injection of reduction reagents is generally initiated by injecting 

reactive chemicals, such as ZVI or other compounds, to create a reduced condition in the aquifer. The 

injected reagents chemically degrade the chemicals into less toxic byproducts by dechlorinating the 

VOCs. These reactions usually stimulate biodegradation by naturally occurring microorganisms that 

further enhances the degradation of VOCs. This type of reaction is effective for the VOCs found at 

Parcel E and would be effective at reducing both high and low concentrations of these chemicals in 

groundwater. Mobility of metals is likely to decrease by precipitation due to reducing conditions. 

The in-situ groundwater ZVI treatment process option reduces the toxicity, mobility, and volume of 

hazardous substances in groundwater and satisfies the RAOs. This treatment process option is fairly easy 

to implement as a standard, proven technology. ZVI is implementable at moderate to high costs, 

depending on the type of additives used, the volume of additive needed, and the number of inoculations. 

As with bioremediation, achieving effective mass transfer of ZVI throughout the treatment zone is a key 

factor in the successful implementation of this technology. The in-situ chemical reduction reaction 

process option is retained for development and evaluation of remedial alternatives. 

3.3.2.2.6. Removal 

No groundwater extraction (removal) process options were retained, as described in Table 3-7. 

Groundwater extraction is typically combined with some form of ex-situ treatment. The most common 

form of removal is a pump-and-treat system. Pump and treat was eliminated because it is generally not a 

cost-effective approach for the site conditions at Parcel E (relatively low-level groundwater contamination 

in heterogeneous soil) . 
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3.3.2.2.7. Containment 

Containment acf1ons include technologies that isolate contaminated media from humans and wildlife. 

These actions i~olate the chemical's source, preventing migration to downgradient groundwater or 

receptors (humans and wildlife); containment actions may also address migration of chemicals i.n vapor 

from the subsurface into buildings. 

Technologies fo~ groundwater containment include physical barriers (such as slurry or sheet-pile walls) 

and hydraulic barriers (such as groundwater flow diversion structures or extraction wells). Depending on 

the chemical concentrations present, groundwater collected with hydraulic barriers can be disposed of 

off site, discharged to the surface, discharged to a publicly owned treatment works (POTW) facility for 

additional treatment, or reinjected into the ground after treatment. 

Physical barriers are effective at containing NAPL and groundwater contamination. Using physical 

barriers such as slurry or sheet-pile walls, the hydraulic gradient will decrease and consequently increase 

the residence time during which chemical concentrations would be reduced through physical, chemical, 

and biological processes. Implementation of this process could involve installing a slurry or sheet-pile 

wall at the IR-02 Northwest metals plume and at IR-03 (discussed in Section 3.3.2.3 below). Costs for 

the physical barrier are moderate to high. 

Physical and hydraulic barriers (such as slurry and sheet-pile walls with groundwater extraction weUs, if 

necessary) are retained for further consideration to reduce migration of chemicals in groundwater at the 
1: 

IR-02 Northwest; metals plume and at IR-03. 

3.3.2.3. Screening and Detailed Analysis of GRAs and Process Options for NAPL at IR-03 

The nature and extent of NAPL at IR-03, as summarized in Section 2.3.1, pose challenges to the 

successful implementation of remedial technologies._ ~pecifically, the presence of NAPL in n_umerous 

wells at IR-03 illustrates the presence of a significant source of contamination over a large area and range 

of depths (Figuie 2-7). The available information suggests that very large volumes will need to be 

addressed by the remedial technologies. In addition, the thick, viscous nature of NAPL may limit the 

effectiveness of many remedial technologies, and may warrant consideration of multiple technologies 

used in combination. 

As discussed in Section 2.3.1, the Navy performed additional characterization of NAPL at IR-03 in 

September and October 2011, along with a subsequent bench-scale treatability study, in accordance with a 

work plan that was approved by the regulatory agencies (ITSI, 2011). The Navy is preparing a report, 

concurrent with, the final version of this FS Report, summarjzing the results of the additional 

characterization ' and the bench-scale treatability study. The Navy expects that the additional 

characterization and bench-scale testing will help refine the NAPL remediation approach at IR-03. For 

example, the additional characterization will refine the nature and extent of NAPL at IR-03, and thereby 
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help refine the approach for future source removal and treatment. In addition, the bench-scale testing will 

provide information regarding the effectiveness of thermally-enhanced NAPL extraction; preliminary 

results indicate that the site conditions at IR-03 may not be conducive to performing thermally-enhanced 

NAPL extraction in a cost~effective manner. Once the findings· of the study are reviewed, the Navy will 

consult with the regulatory· agencies to determine whether additional characterization or a pilot-scale 

tr~atability study i~ necessary ~() refine the rem~diatiori approach at IR~03. For the putp~ses or'this FS 
. . . 

· Report, the Navy believes that there is adequate information to support an evaluation of the NAPL 

remediation technologies and process options. The goal of this evaluation is to identify a suitable range 

of technology types and process options that could be used in combination to cost-effectively achieve the 

NAPL RAOs identified in Section 3.1.4. 

Potentially applicable GRAs ide_ntified for NAPL at IR-03 are (1) no action, (2) institutional controls, 

(3) engineering controls, (4) monitoring, (5) removal, (6) treatment, and (7) containment. Table 3-8 

shows the initial screening of process options for the remedial technology types for the GRAs for NAPL. 

The table presents the various technology types, process options, and results of the screening analysis for 

each NAPL process option. 

The technologies and process options retained during the initial screemng were evaluated for 

effectiveness, implementability, and cost and are discussed in the sections below. Table 3-11 summarizes 

the results of the detailed evaluation. Additionally, Table 3-11 addresses associated soil and groundwater 

remediation technologies and processes needed to clean up IR-03. The analysis below describes the soil 

and groundwater process options, referring to prior discu_ssions of GRA eiements in the soil and shoreline 

sediment and groundwater sections (3.3.2.1 and 3.3.2.2), as appropriate. 

3.3.2.3.1. No Action 

The NCP requires that the no-action option be carried through the detailed analysis of alternatives. See 

the prior no-action discussions for soil and shoreline sediment and groundwater in Sections 3 .3 .2.1.1 and 

3.3.2.2.1. No cost is associated with_ this option because no action is taken. The no-action option is 

retained for further evaluation as a remedial alternative for comparison only, as required under the NCP. 

3.3.2.3.2. Institutional Controls 

As discussed in Section 3.3.2.1.2, the Navy will use institutional controls that limit potential exposure to 

hazardous substances by restricting specified land uses and activities on the parcel. Land use and 

activity restrictions, · including restricted land uses, restricted activities, and prohibited activities are · 

discussed under the evaluation of soil process options in: Section 3.3.2.1.2. The institutional controls will 

be implemented at IR-03 in a manner consistent with those institutional controls implemented throughout 

the remainder of Parcel E, as appropriate . 
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Section 3 RAOs, ARARs, GRAs, and Process Options 

The process options related to institutional controls are retained for development and evaluation of 

remedial alternatives. 

3.3.2.3.3. Engineering Controls 

As described earlier (Sections 3.3.2.1.3), engineering controls are physical mechimisms that serve to 

restrict access and potential exposure to contaminated media. The fencing and warning s1gns may apply 

at IR-03, but the long-term use of fencing for IR-03 would conflict with the planned open space r~use. 

For this reason, only temporary fencing would be used at IR-03, during implementation of the remedial 

action. 

3.3.2.3.4. Monitoring 

Groundwater m(1riitoring for IR-03 is a baseline requirement to assess the adequacy of remediation 

regardless of the remedial alternative selected, similar to other areas in Parcel E. Monitoring elements 

discussed in Section 3.3.2.2.4 are applicable to IR-03. 

3.3.2.3.5. ll.emoval 

• 

Technologies us~d to address free-phase NAPL generally use some form of extraction or excavation to 

remove the NAPL source. Removal of a NAPL source, to the maximum extent practicable, is consistent 

with Water Board guidance for closure oflow-risk fuel sites in the San Francisco Bay Region (Water Board, 

1996). This guidance is being applied to the TPH corrective action program at Parcel E (Shaw, 2009b). • 

Because of the presence of various CERCLA-regulated hazardous substances, IR-03 is being addressed in 

this FS Report arid not as part of the TPH corrective action program; however, the Water Board guidance is 
" 

considered at IRl03 because TPH is the most prevalent constituent identified in soil and groundwater. 

Accordingly, NAPL removal is presumed to be the most administratively implementable GRA for IR-03. · 

However, the sit~ conditions at IR-03 (thick, viscous NAPL present over a large area and at varying depths) 

pose challenges to effectively removing NAPL from the subsurface. The following paragraphs discuss 

potential extraction and excavation technologies for IR-03. 

Extraction 

Extraction technologies aid mass transfer of NAPL into a carrier fluid (liquid or gas). When the carrier 

fluid is a gas, the primary mass transfer mechanism is volatilization. When the carrier fluid is a liquid, the 

primary mass transfer mechanism is dissolution. In both cases, secondary mechanisms may also be 

involved, such as mobilization of free-phase NAPL or accelerated' chemical or biological destruction of 

some chemicals (Interstate Technology and Regulatory Cooperation Work Group, 2000). 

The technologie~ evaluated in this section extract NAPL from the aquifer and process the carrier fluid 

above ground to i'recover NAPL. Recovered NAPL is then disposed of at a licensed waste management 
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Section 3 RAOs, ARARs, GRAs, and Process Options 

facility. Other solid, liquid, or gaseous waste streams may also result from carrier fluid processing. 

These waste streams are typically treated or disposed of off site. 

Extraction processes evaluated for use at IR-03 are thermally-enhanced liquid-phase· extraction and 

thermally-enhanced dual-phase extraction (to capture both liquid phase and vapor phase chemicals). 

Standard liquid-phase and duahphase extraction sy~tems are proven effective technologies in the removal 
. . . . ' . 

of groundwater fof further treatment. The effectiveness of these technologies diminishes significantly 

when the NAPL is too viscous to flow using convention~! pumping methods, as is the case aUR-03. In 

addition, the mobility of NAPL, and the related effectiveness of extraction technologies, varies based on 

site-specific soil and groundwater . conditions including soil porosity, soil stratigraphy, depth to 

groundwater, .and water table fluctuations (Geosphere, Inc. and CH2M Hill Inc., 2006). 

Past efforts to extract NAPL from IR-03 using conventional methods had relatively low yields 

(approximately 25 gallons of floating product and 70 gallons of waste oil were recovered from four wells 

during previous extraction in 1991 [Barajas & Associates, Inc., 2008b]) that demonstrate the relatively low 

effectiveness of conventional extraction of NAPL. These findings also suggest that the NAPL at IR:-03 may 

be relatively immobile. To improve the implementability and effectiv~ness of liquid-phase and dual-phase 

extraction processes, they could be coupled with a thermal enhancement process. Thermal enhancement 

imparts heat to the contaminated medium to reduce the viscosity of the NAPL, thus making it easier to 

extract from the subsurface using conventional pumping methods . 

Thermally-enhanced extraction process options include hot water injection and circulation, resistive 

heating, conductive heating, and steam injection. Hot water injection and circulation involves extraction, 

heating, and reinjection of groundwater. Resistive heating involves the passage of an electric current 

through saturated media. Conductive heating uses buried heater elements to transfer heat to the 

subsurface. Steam stripping involves aboveground production of steam and injection into the subsurface. 

Each of these process options can be used to heat NAPL (to reduce its viscosity). Once the NAPL's 

viscosity is reduced, it can be extracted using either of the extraction methods presented above. 

If either liquid-phase or dual-phase extraction are used, groundwater is typically extracted with the 

NAPL. The NAPL and groundwater can be separated from the extracted liquid using an oil-water 

separator. The water generated can be treated and discharged or disposed of off site. The NAPL must 

also be disposed of off site. 

If dual-phase extraction is used, the vapor generated during is typically collected and treated. Collected 

vapor·is condensed, nonaqueous phases are separated, and the aqueous phase is reused or treated and 

disposed of off site. If vapor is to be treated, some form of thermal or catalytic oxidation process is v 

typically used. 
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Section 3 RAOs, ARARs, GRAs, and Process Options 

The standard extraction and the dual-phase extraction systems are both moderate in cost. When coupled 

• with. thermal enhancement, costs increase significantly. Thermal enhancement technologies are considered 

to be capital- and energy-intensive because of the specialized equipment and significant power demand 

. required for implementation. However, the coupling of thermal enhancement with the extraction 

technologies can significantly increase the effectiveness of those technologies. Also, capital and energy 
, . 

costs can be minimized by implementing a phased approach (i.(;., optimization of heating temperature to 

enhance extracticin of NAPL) coupled with a gradual implementation (i.e., target heating areas<expanded 

and contracted incrementally, as needed). Pre-implementation bench-scale and pilot-scale studies would 

need to be conducted to assess the viability of a thermally-enhanced remediation technology at IR-03. 

Preliminary results from the recent bench-scale testing indicate that the site conditions at IR-03 may not be 

conducive to performing thermally-enhanced NAPL extraction in a cost-effective manner. Once the 

findings of the study are reviewed, the Navy will consult with the regulatory agencies to determine whether 
,, 

a pilot-scale treatability study is necessary to further evaluate the viability of thermally-enhanced NAPL 

extraction at IR-03. In the absence of further information, this FS Report retains thermally-enhanced 

remediation technologies, coupled with dual-phase extraction, for further evaluation based on effectiveness, 

implementability, and potentially manageable cost, as described in Table 3-11. Accordingly, thermally

enhanced NAPL ,extraction may be incorporated, in combination with other technologies, into remedial 

alternatives to cost-effectively achieve the NAPL RAOs identified in Section 3.1.4. 

Excavation 

Excavation of NAPL is retained as a process option to remove NAPL to the depth of groundwater and to 

remove NAPL below groundwater, as feasible. Soil could be excavated with backhoes, front loaders, 

continuous exca"'.iators, scrapers, or other equipment. Sludge could be removed with open-face (impeller) 
. ~ •, 

centrifugal pumps, backhoes, or similar equipment. 

Practical considerations regarding equipment limitations and sidewall stability c::ould restrict the depth of 

excavation to a maximum of about 25 to 30 feet in a single lift. If needed, excavation could be performed 

in lifts, accessed by ramps. This te~hnique could extend the maximum depth of excavation in 

unconsolidated s,oil to over 40 feet; however, the unit cost of soil excavation increases rapidly with 

increasing depth of excavation. Additionally, implementation of methods to control or prevent the 

movement of groundwater into the excavation is required for source removal options that extend below 

the water table. · These methods are expensive and could require placement of driven sheet piling and 

excavation dewatering. A staging area would be required for handling excavated soil prior to off-site 

disposal. Additional characterization of the site would be required prior to implementation to properly 
1: 

delineate the extJnts of the excavation. Excavation of the NAPL source zone would incur a large capital 
! 

cost but no O&M cost. It is a proven technology and would be implementable at IR-03. 
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Section 3 RAOs, ARARs, GRAs, and Process Options 

3.3.1.3.6. Treatment 

The site conditions at IR-03 (thick, viscous NAPL present over a large area and at varying depths) pose 

challenges to effectively treating NAPL in-situ. As summarized m Table 3-8, only 

stabilization/solidification was retained for further evaluation as a stand-alone treatment technology. A 

· wider range of treatment technologies were retained for · further evaluation . to address groundwater 

• contamination once -the J'IJAPL source is removed. The following types of groundwater treatment 

technologies were retained for detailed analysis: (1) ISB, (2) passive treatment (MNA),. and (3) in-situ 

thermal treatment. . Table 3-11 presents the detailed evaluation of retained technologies relative to 

effectiveness, implementability, and cost. 

Solidification/Stabilization 

Solidification refers to chemical or mechanical processes that are used to encapsulate a waste to form a 

solid material and to restrict contaminant migration. Stabilization refers to processes involving chemical 

reactions that reduce the leachability of a waste. Solidification and stabilization are often implemented in .. 

combination and involve mixing one or more reagents into the contaminated material (EPA, 2000d). 

Stabilizing reagents include cement, and reactive agents include chemical oxidants. Bench-scale or pilot:

scale studies would be required to identify the appropriate reagent(s) to efficiently solidify and stabilize 

the contaminated soil and NAPL at IR-03. Two solidification/stabilization process options were 

evaluated: (1) in-situ mixing, and (2) and ex-situ mixing. Table 3-11 details the evaluation of these two 

options, which is briefly summarized in the following paragraphs. 

In-situ mixing would use specialized mechanical equipment, which ts typically crane:mounted, to 

excavate a series of large-diameter vertical boreholes in which one or more reagents are directly mixed 

into the contaminated soil and NAPL zone. The specialized equipment is capable of uniformly mixing 

the reagents and soil, while also capturing fugitive emissions and residual liquid. In-situ mixing would be 

readily implementable in most NAPL-impacted soil at IR-03; however, in-situ mixing may be difficult to 

implement in shoreline areas due to the presence of large debris. Capital costs for in-situ mixing would 

be moderate to high, depending on the treatment volume, but operational costs would be relatively low 

because minimal long-term management of groundwater would be needed for the stabilized waste (which 
. ~ . . --

would have a low hydraulic conductivity). 

Ex-situ mixing would use conventional mechanical equipment to (1) excavate contaminated soil and 

NAPL; (2) transport the material to an on-site location where it would be spread in layers; (3) mix a 

binding reagent into the soil and NAPL, and (4) transport and place the stabilized material back in the 

excavation. Ex-situ mixing may be difficult to implement for large treatment volumes because of the 

limited on-site area available for mixing operations. In addition, the capital costs to perform ex-situ 

mixing on a large scale would be higher than in-situ mixing because of the increased effort to handle and 
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transport the material. However, ex-situ mixing may be a viable option in localized areas where the 

presence of large debris precludes in~situ mixing. 

As previously discussed, removal of a NAPL source, to the maximum· extent practicable, is consistent 
• • I 

with Water. Board guidance for closure of low-risk fuel sites in the San Francisco Bay Region (Water 

Board, 1996), a~d such guidance is considered at IR-03 because TPH is the most prevalent constituent 

identified in soil.and groundwater. Accordingly, the administrative implementability of solidification and 

stabilization may be challenging if other removal options (such as excavation, thermally-enhanced 

extraction, and off-site treatment/disposal) are determined to be practicable for IR-03. 

In-situ and ex-situ mixing are retained for further evaluation based on effectiveness, implementability, 

and potentially manageable cost, as described in Table 3-11. Accordingly, these solidification and 

stabilization options may be incorporated, in combination with other technologies, into remedial 

alternatives to cost-effectively achieve the NAPL RA Os identified in Section 3 .1 .4. 

In-Situ Bio remediation of IR-03 Groundwater 

ISB is an additional process option included for IR-03 to treat groundwater remaining after removal of the 

NAPL source zone. As described under the groundwater process options (Section 3.3.2.2.5), the in-situ 

biological treatment technology may consist of aerobic and anaerobic reaction process options with 

injection of substrate to promote biodegradation as appropriate. Use of ISB to treat organic chemicals at 

low to moderate. concentrations is a proven technology. Costs would be moderate, and the technology 

would be implementable at Parcel E with possible use of targeted fracturing, if needed, to deliver 
! 

substrate adequately in the heterogeneous fill material (see Section 3.3.2.2.5). ISB was retained for 

further consideration. 

Passive Treatment (MNA) 

This process option, as described in Section 3.3.2.2.5, involves natural subsurface processes to reduce 

chemical concentrations to acceptable levels. This process option usually requires modeling to 

demonstrate that natural processes of chemical degradation will reduce chemical concentrations below 

regulatory standards or RBCs before potential exposure pathways are completed. In addition, long-term 

monitoring must: be conducted throughout the process to confirm. that degradation is proceeding at rates 

consistent with achieving the RAOs. 

MNA is not sufficiently effective as a single response action to achieve the RAOs. If institutional 
l\ 

controls are implemented, however, and other response actions are undertaken to reduce contamination iri 

the source area, MNA would likely be an effective tool to manage residual contamination. MNA might 

be appropriate following remediation of source areas. MNA was retained for further consideration. 
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In-Situ Thermal Treatment 

As described above, thermally-enhanced extraction can be used to facilitate the extraction of NAPL from 

the subsurface. Thermal enhancement technologies can also be used to heat contaminated groundwater to 

the point of vaporization, allowing the contaminants to be stripped from the vapor phase after extraction . 

. Technologies for in~situ thermal treatment at IR-03 are those described under thermally-enhanced 

extraction in Section 3.3:2.3.5. For IR-03, it is anticipated that thermally-enhanced extraction processes 

could be used first to enhance removal of NAPL (as described earlier in Section 3.3.2.3.5); then, for 

treatment of remaining VOCs and SVOCs in groundwater. This would be achieved by increasing the 

amount of heat imparted by the system. The thermal treatment process option could be used to volatilize . 

contaminants into the vapor phase, which would be collected and treated using a vapor extraction system. 

Typical treatment technologies that are coupled with thermal treatment process options include tpermal or 

catalytic oxidation. Thermally-enhanced treatment, or "steaming," is a highly effective technology that 

can be easily implemented using the same equipment used to perform thermally-enhanced extraction. 

Energy input to the system would be increased to achieve groundwater vaporization to eliminate plumes 

remaining following NAPL removal. 

As described in Section 3.3.2.3.5, the thermal treatment technologies are generally considered to be 

capital- and energy-intensive, and bench-scale and pilot-scale studies would need to be conducted to 

assess the viability of a thermally-enhanced remediation technology at IR-03. Preliminary results from 

the recent bench-scale testing indicate that . the site conditions at IR-03 may not be conducive to 

performing thermally-enhanced NAPL extraction in a cost-effective manner. Once the findings of the 

study are reviewed, the Navy will consult with the regulatory agencies to determine whether a pilot-scale 

treatability study is necessary to further evaluate the viability of thermally~enhanced NAPL extraction at 

IR-03. In the absence of further information, this FS Report retains thermally-enhanced remediation 

technologies, for both NAPL extraction and treatment of residual groundwater contamination, for further 

evaluation based on effectiveness, implementability, and potentially manageable cost, as described in 

Table 3-11. Accordingly, thermal treatment of groundwater may be incorporated, in combination with 

other technologies, irito remedial alternatives to cost-effectively achieve the NAPL RAOs identified in 

Section 3. l.4. 

3.3.2.3. 7. Containment 

Containment technologies for IR-03 focus on NAPL and also address associated soil and groundwater as 

appropriate. Containment technologies are evaluated for use in preventing direct exposure to and 

migration of chemicals. Containment measures previously implemented at IR-03 include a cover 

consisting of an engineered clay liner, plus 1 foot of soil cover. In addition, a sheet-pile wall was 

installed at IR-03 to reduce migration of NAPL in groundwater; however, the sheet-pile wall does not 

have a cathodic protection system and, during the more. than 13 years since its installation, the wall has 

likely corroded to a point that it would not be an effective component of a future remedial action. The 

N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\FinalParcelE_FS.docx 

ERRG-6011-0000-0006 3-55 

ERRG 



Section 3 RAOs, ARARs, GRAs, and Process Options 

containment techn9logies that are considered for application at IR-03 are described below. A more 

detailed description of these alternatives can be found in Sections 3.3.2.1.7 and 3.3.2.2.7. 

Covers. 

Cover materials ~r~ used to prevent direct ~xposure and minimize water infiltration to the contaminated 

zone. In the ope1;1 space a~ea at IR-03, the general approach for implementing covers includes: 

• Maintenance and upgrade of the existing engineered cover (clay liner) and soil cover. 

• In areas identified for new or rehabilitated cover, a durable material would be used and 
maintain.ed to minimize breakage, erosion, or deterioration such that the underlying soil becomes 
exposed. Cover designs developed in the RD are anticipated to include a minimum 2 feet of 
clean imported soil or other engineered cover design. 

• The RD ~ould address (1) drainage to prevent erosion and standing water, (2) maintenance, and 
(3) methods for completion of the cover near the shoreline protection feature~. 

• Sampling requirements associated with disturbance of covers would be in accordance with the 
OMP and will be subject to the review and approval of the FFA signatories and CDPH (for 
activities: within the radiological ARIC). 

The technology of covers and the process options of soil and engineered covers are effective, so long as 

the covers are properly installed and maintained and are replaced after excavation or demolition during 

redevelopment. · The implementability and cost of covers would be .moderate since a cover already exists 

at IR-03. Table ,3-12 presents the types of covers evaluated as remedial technologies and the associated 

performance standards that .apply to the individual types of covers. The performance standards for covers 

are adequately specified in the ARARs described in Section 3.2.3.1, and would not be altered in the RD. 

The cover process option is retained for development and evaluation of remedial alternatives. 

NAPL and Groundwater Containment 

As presented in Section 3.3.2.2.7, technologies for NAPL and groundwater containment include physical 

barriers (such as slurry or sheet-pile walls). At IR-03, both slurry walls and sheet-pile walls are retained 

for further evaluation, as described in Table 3-11. These vertical barriers effectively control migration of 

NAPL and associated contaminated groundwater. The subsurface conditions at IR-03 (fill material 

containing large rocks and metal debris) pose challenges to implementing this technology; however, pre

design investigations could be used to identify subsurface obstructions in advance and develop alternate 

alignments. 
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Table 3-1. Preliminary Remediation Goals for COCs in Soil 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Risk-Based Laboratory 
Concentration HPAL PQL 

Exposure Scenario coc Redevelopment Block (mg/kg) a (mg/kg) (mg/kg) PRG (mg/kg) 
Residential 3,3'-Dichlorobenzidine MU-1 0.008 -- I 0.005 0.008 

4-Nitrophenol MU-1 0.29 -- 0.05 0.29 

4,4'-DDD MU-2 2.1 -- 0.33 2.1 

4,4'-DDE MU-1 and MU-2 1.6 -- 0.33 1.6 

Aldrin MU-1 0.024 -- 0.008 0.024 

alpha-BHC MU-2 0.0019 -- 0.0034 0.0019 

Antimony MU-1, MU-2, and MU-3 10 9.05 1 10 

Aroclor-1254 MU-1 and MU-2 0.093 -- 0.03 0.093 ---
Aroclor-1260 MU-1, MU-2, and MU-3 0.21 -- 0.03 0.21 

Arsenic MU-1, MU-2, and MU-3 0.038 11.1 1 11.1 
•~·-· ·---·,.,--
Benzene MU-1 and MU-3 0.18 -- 0.005 0.18 

Benzo(a )anthracene MU-1, MU-2, MU-3, and IR-52 0.37 -- 0.33 0.37 

Benzo( a )pyrene MU-1, MU-2, MU-3, and IR~52 0.037 -- 0.33 0.33 
Benzo(b )fluoranthene MU-1, MU-2, MU-3, and IR-52 0.34 -- 0.33 0.34 

Benzo(k)fluoranthene MU-1, MU-2, MU-3, and IR-52 0.34 -- 0.33 0.34 

Bis(2-ethylhexyl)phthalate MU-1, MU~2, and MU-3 1.1 -- 0.33 1.1 
- -----

Cadmium MU-1, MU-2, and MU-3 3.5 3.14 0.20 3.5 

Carbazole MU-1 2.2 -- 0.05 2.2 

Coppet MU-1, MU-2, MU-3, and IR-52 160 124.3 1.5 160 

Dibenz(a,h)anthracene MU-1, MU-2, and IR-52 0.058 -- 0.33 0.33 

Dieldrin MU-1 and MU-2 0.00066 -- 0.0034 0.0034 

gamma-BHC MU-1 0.0026 -- 0.005 0.005 

Heptachlor epoxide MU-1 and MU-3 0.00054 -- 0.0034 0.00054 
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Table 3-1. Preliminary Remediation Goals for COCs in Soil (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Risk-Based Laboratory 
Concentration HPAL PQL 

Exposure .Scenario --=- ----- COC. --_ .. - ~ -- -- ,Redevelopment Block -- - (mg/kg) 3
, (mg/kg) - -(mg/kg)- PRG(mg/kg) 

Residential lndeno(1,2,3-cd)pyrene MU-1, MU-2, MU-3, and IR-52 0.35 -- 0.33 0.35 
(continued) Iron MU-1, MU-2, and MU-3 22,000 58,000 10 58,000 

Lead MU-1, MU-2, MU-3, and IR-52 155 8.99 1 155 

Manganese MU-1, MU-2, and MU-3 840 1,431 0.5 · 1,431 
i---~"' 

Mercury MU-1, MU-2, and MU-3 1.6 2.28 0.03 2.28 

n-Nitroso-di-n-propylamine MU-1 and MU-2 0.0002 -- 0.0034 0.0034 

n-Nitrosodiphenylamine MU-1 and MU-2 0.68 -- 0.0034 0.68 

Naphthalene MU-1 and MU-2 1.7 -- 0.33 1.7 .._ _____ 
Pentachlorophenol MU-2 and MU-3 2.6 -- 0.68 2.60 

Thallium MU-1, MU-2, and MU-3 5.0 0.81 1 5.0 

Vanadium MU-1, MU-2, and MU-3 65 117 0.5 117 -Trichloroethane MU-2 2.9 -- 0.005 2.9 --
Zinc MU-1, MU-2, and MU-3 370 110 2.0 370 

Xylene MU-3 270 -- 0.005 270 

Total TPH b MU-3 -- -- -- 3,500 

Construction 1,2,3, 7,8-PECDD EOS-3 0.00010 -- 0.00001 0.0001 
Worker 1,2,4-Trichlorobenzene EOS-1 230 -- 0.05 230 

1,2,4-Trimethylbenzene EOS-1 and EOS-2 170 -- 0.05 170 

1,3,5-Trimethylbenzene EOS-1 69 -- 0.05 69 

2,3,4,6, 7,8-HXCDF EOS-3 0.0010 -- 0.00001 0.001 

2,3,4, 7,8-PECDF EOS-3 0.00020 -- 0.00001 0.0002 

Aldrin EOS-1 0.54 -- 0.008 0.54 

Antimony EOS-1 and EOS-4 120 9.05 1 120 
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• • • 
Table 3-1. Preliminary Remediation Goals for COCs in Soil(continued). 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

I 
Risk-Based Laboratory 

Concentration HPAL PQL 
Exposure Scenario coc Redevelopment Block (mg/kg) a (mg/kg) (mg/kg) PRG (mg/kg) 

Construction Aroclor-1248 EOS-1 2.1 -- 0.03 2.1 
Worker Aroclor-1254 MU-1, MU-2, and EOS-1, and EOS-4 2.1 -- 0.03 2.1 

(continued) -- - ---· ··--'-""' 
Aroclor-1260 MU-1, MU-2, MU-3, EOS-1, EOS-2, 2.1 -- 0.03 2.1 

Arsenic MU-1, MU-2, MU-3, EOS-1, EOS-2, 1.6 11.1 1 11.1 
-

Benzene MU-1 9.4 -- 0.005 9.4 

Benzo( a )a nth racene MU-1, EOS-1, EOS-2, EOS-3, EOS-4, 6.4 -- 0.33 6.4 

Benzo( a )pyrene MU-1, MU-2, MU-3, EOS-1, EOS-2, 0.65 -- 0.33 0.65 ,_,....._, --~,""""""-···~ 
Benzo(b )fluoranthene EOS-1, EOS-2, EOS-3, EOS-4, and IR- 6.5 -- 0.33 6.5 

Benzo(k)fluoranthene EOS-1, EOS-2, EOS-3, and EOS-4 6.5 -- 0.33 6.5 

Copper EOS-1 and EOS-4 11,000 124.3 1.5 11,000 -~~-
Dibenz(a,h}anthracene MU-1, EOS-1, and IR-52 1.1 -- 0.33. 1.1 

. lndeno(1,2,3-cd)pyrene EOS-3 6.5 -- 0.33 6.5 

Iron MU-1 and EOS-1 93,000 58,000 10 93,000 ---~~~-
Lead MU-1, MU-2, MU-3, EOS-1, EOS-2, 800 8.99 · 1 800 

Manganese MU-2 and EOS-4 6,900 1,431 ·o.5 6,900 

Mercury MU-1 93 2.28 0.03 93 

Naphthalene EOS-2 75 -- 0.33 75 

Nickel EOS-1 5,800 -- 0.5 5,800 

n-Nitroso-di-n-propylamine EOS-4 1.3 -- 0.0034 1.3 

Vanadium MU-1, EOS-1, and EOS-4 310.0 117.20 0.5000 310.0 

Total TPH b MU-3, EOS-1, EOS-3, EOS-4, and -- -- -- 3,500 
Railroad Right-of-Way 
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Table 3-1. Preliminary Remediation Goals for COCs in Soil (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Risk-Based Laboratory 
Concentration HPAL PQL 

~ Exposure Scenario. - -=-,- --COC - . .. Redevelopment-Block - - - · (mg/kg) 3 (mg/kg)· (mg/kg) PRG (mg/kg), ""--~ 

Recreational Aroclor-1254 EOS-1, EOS-3, and EOS-4 0.74 -- 0.03 0.74 
Aroclor-1260 EOS-1, EOS-2, EOS-3, and EOS-4 0.74 -- 0.03 0.74 
--~~" 
Arsenic EOS-1, EOS-2, EOS-3, and EOS-4 0.37 11.1 1 11.1 
Benzo( a )anthracene EOS-1, EOS-2, EOS-3, and EOS-4 1.3 -- 0.33 1.3 
Benzo( a )pyrene EOS-1, EOS-2, EOS-3, and EOS-4 0.13 -- 0.33 0.33 
Benzo(b )fluoranthene EOS-1, EOS-2, EOS-3, and EOS-4 1.3 -- 0.33 1.3 
Benzo(k)fluoranthene EOS-1, EOS-2, EOS-3, and EOS-4 1.3 -- 0.33 1.3 --Chrysene EOS-1 and EOS-3 13 -- 1 13 
Dibenz( a,h )anthracene EOS-1, EOS-2, EOS-3, and EOS-4 0.21 -- 0.33 0.33 
Dieldrin EOS-1 and EOS-4 0.12 -- 0.33 0.12 
--· 
Heptachlor epoxide EOS-1 0.21 -- 0.0034 0.21 

lndeno(1,2,3-cd)pyrene EOS-1, EOS-2, EOS-3, and EOS-4 1.3 -- 0.33 1.3 
Lead EOS-1, EOS-2, EOS-3, and EOS-4 155 8.99 1 155 
Manganese EOS-2 2,430 1,431 0.5 2,430 
Mercury EOS-4 210 2.28 0.030 210 
n-Nitroso-di-n-propylamine EOS-4 0.27 -- 0.0034 0.27 

Total TPH b EOS-1 and EOS-4 -- -- -- 3,500 
Industrial Arsenic Railroad Right-of~Way 0.43 11.1 1 11.1 

Benzo(a)anthracene Railroad Right-of-Way 1.8 -- 0.33 1.8 
Benzo( a )pyrene Railroad Right-of-Way 0.18 -- 0.33 0.33 -~·-Benzo(b )fluoranthene Railroad Right-of-Way 1.8 -- 0.33 1.8 
Benzo(k)fluoranthene Railroad Right-of-Way 1.8 -- 0.33 1.8 
Copper Railroad Right-of-Way 76,000 124.3 1.50 76,000 
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• • • 
Table 3-1. · Preliminary Remediation Goals for COCs in Soil (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Risk-Based Laboratory 
Concentration HPAL PQL 

Exposure Scenario coc Redevelopment Block (mg/kg) a (mg/kg) (mg/kg) PRG (mg/kg) 
Industrial Dibenz( a, h)a nthracene Railroad Right-of-Way 0.29 -- 0.33 0.33 

(continued) lndeno(1,2,3-cd)pyrene Railroad Right-of-Way 1.8 -- 0.33 1.8 

Lead Railroad Right-of-Way 800 8.99 1 800 

Total TPH b Railroad Right-of-Way -- -- -- · 3,500 

Ecological Pathway c Copper -- 470 d -- 1.5 470 

Lead -- 197 d -- 1 ' 197· 

Total Aroclors -- 37 d -- 0.01 37 

Notes: 
a= Unless otherwise noted, risk-based concentration is from HHRA (Appendix I of Revised RI Report for Parcel E [Barajas and Associates, 2008b]). Although the land use presented in the 
HHRA does not match the 2010 Redevelopment Plan', the above list of COCs was verified by conducting queries of the risk-based concentrations against the Parcel E soil data. Prior to 
conducting the data query, a comprehensive list of risk-based concentrations was developed for all COCs detected in one or more soil samples using the toxicity factors, exposure parameters, 
and chemical data used in the HHRA. · 

b = The TPH PRG is based on the HPS petroleum source criterion (Shaw, 2007) 

c = BERA concluded that risk to wildlife does not warrant response actions based only on ecological concerns; however, ecological benchmarks will be considered during response actions to 

address risk identified in the HHRA 

d = Risk-based concentration is from BERA (Appendix J of Revised RI Report for Parcel E [Barajas and Associates, 2008bl) 

BERA = baseline ecological risk assessment 
BHC = benzene hexachloride 
COC = chemical of concern 

DOD = dichlorodiphenyldichloroethane 
DOE = dichlorodiphenyldichloroethene 
HHRA = human health risk assessment 

HPAL = Hunters Point ambient level 
HXCDF = hexachlorodibenzofuran 
IR= Installation Restoration 

mg/kg = milligrams per kilogram 
PECDD = pentachlorodibenzodioxin 
PECDF = pentachlorodibenzofuran 
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• 
Table 3-2. 

COEC/COC 

Cadmium, 

Copper 

Lead 

Mercury 

Molybdenum 

Zinc 

Total DDTs 

Total Aroclors 

• 
Preliminary Remediation Goals for COECs and COCs in Shoreline Sediment 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Benthic Invertebrate RBC a Bird/Mammal RBC b Human Health RBC c HPAL SF Bay Ambient Valued I 
(mg/kg) I (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

I NC 0.17 NC 3.14 0.33 

270 17 NC 124 68.1 

218 NC NC 6.99 43.2 

0.71 NC NC 2.28 0.43 

NC 0.14 NC 2.68 NA 
-·····-·· 

410 43 NC 110 158 

0.046 NC NC NA 0.007 

0.18 0.12 1.4 NA 0.28 

• 
PRG (mg/kg) 

3.14 

124 

218 

2.28 

2.68 

158 

0.0461 

0.2 

Notes: COECs presented are those identified in the Revised RI Report (Section 5.3) as posing risk to benthic invertebrates, birds, mammals, and humans along the Parcel E and 
E-2 shoreline (Barajas & Associates, Inc., 2008b}. 

a RBCs for benthic invertebrates are based on ER-M values from Long and Morgan (1991) and Long and others (1995). See Table G-4 in the Revised RI Report (Barajas & 
Associates, Inc., 2008b). 

b RBCs for bird and mammals are based on the house mouse, which is the most sensitive of the birds and mammals evaluated in the shoreline Screening-Level Ecological 
Risk Assessment. See Table Gs16 in the Revised RI Report (Barajas & Associates, Inc., 2008b). ·· 

c Human health RBCs are based on shellfish consumption pathway using methodology established in the Parcel F Validation Study (Battelle, Blasland, Bouck & Lee, Inc., and 
Neptune & Company, 2005). PCB criterion was presented in Attachment 1 of the Parcel F Feasibility Study Report (Barajas & Associates, Inc.; 2008a). Chromium criterion 
is presented in Attachment 1 of this FS Report. 

d Ambient values are based on Water Board (1998) unless otherwise noted. 

e Nearshore ambient value from Water Board (2003). 

COC = chemical of concern 

COEC = chemical of ecological concern 

DDT = dichlorodiphenyltrichloroethane 

ER-M = Effects range-median 

HPAL = Hunters Point ambient level 

mg/kg = milligram per kilogram 

NA = not available 

NC = not calculated; not a COEC or COC for the specified receptor 

PRG = preliminary remediation goal 

RBC = risk-based concentration 

RI = Remedial Investigation 

SF = San Francisco Bay 

Water Board = San Francisco Bay Regional Water Quality Control Board 
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Table 3-2. 

Sources: 

Preliminary Remediation Goals for COECs and COCs in Shoreline Sediment (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Barajas & Associates, Inc. 2008a. "Final Feasibility Study Report for Parcel F, Hunters Point Shipyard, San Francisco, California." April 30. 

Barajas & Associates, Inc. 2008b. "Final Revised Remedial Investigation Report for Parcel E, Hunters Point Shipyard, San Francisco, California." May 2. 

Long; ER:,- D.O. MacDonald; S.L. Smith;and F.D: Calder: 1995. "Incidence of-Adverse Biological-Effects Within ·Ranges of Chemical Concentrations in Marine and Estuarine 
Sediments." Environmental Management. Volume 19. Number 1. Pages 81 to 97. 

Long, E.R, and L.G. Morgan. 1991. ''The Potential for Biological Effects of Sediment-Sorbed Contaminants Tested in the National Status and Trends Administration Program." 
National Oceanic and Atmospheric Administration, Technical Memorandum NOS OMA 52. Seattle, Washington. March. 

Water Board. 1998. "Staff Report: Ambient Concentrations of Toxic Chemicals in San Francisco Bay Sediments." May. 

Water Board. 2003. Letter Regarding Comments on PCB Cleanup Goals for Parcel F, South Basin, Feasibility Study Approach and PRG Development. From Naomi L. Feger, Water 
Board. To Keith S. Forman, Department of the Navy. February 18. 
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Table 3-3. Preliminary Remediation Goals for COCs in A-Aquifer Groundwater 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Exposure Scenario coc Redevelopment Block Plume/Exposure Area 
Construction 1,2-Dichloroethene (total) MU-2 Building 406 TCE Plume 

Worker 
1,4-Dichlorobenzene MU-1, MU-2, and EOS-3 IR-03 TPH, IR-12 Benzene, 

and IR-12 PCE Plumes 
-- . ·- -«= , 

Arsenic MU-1, MU-2, EOS-1, EOS-2, IR-02 Central Nickel, IR-02 
and EOS-3 Northwest Metals, IR-03 

TPH, IR-12 Benzene, and 
IR-12 PCE Plumes 

Benzo( a )anthracene EOS-3 IR-03 TPH Plume 

'. Benzo( a )pyrene EOS-3 IR-03 TPH Plume 

Benzo(b )fluoranthene EOS-3 IR-03 TPH Plume 

Chrysene MU-1, MU-2, and EOS-3 IR-03 TPH, IR-12 Benzene, 
and IR-12 PCE Plumes 

lndeno(1,2,3-cd)pyrene EOS-3 . IR-03 TPH Plume 
----·~··--~·~ 

Naphthalene MU-1, MU-2, and EOS0 3 IR-03 TPH, IR-12 Benzene, 
and IR-12 PCE Plumes 

Pentachlorophenol MU-1 and MU-2 IR-12 Benzene and 

- IR-12 PCE plumes 

T rich loroethene MU-2 Building 406 TCE Plume 

Vinyl chloride MU-2 Building 406 TCE Plume 

• 
Risk-Based Laboratory 

Concentration HGAL PQL PRG 
(µg/L) a (µg/L) (µ g/L) (µ g/L) b 

305 -- 0.5 305 

65 -- 0.5 65 

39 27.3 0.5 39 

0.65 -- 0.05 0.65 

0.045 -- 0.05 0.0.5 

0.45 -- .0.05 0.45 

6.7 -- 0.05 6.7 

0.31 -- 0.05 • 0.3,1 
_ ... 

22 -- 0.05 22 

8.2 -- 50 50 

370 -- 0.5 370 

6.3 -- 0.5 6.3 
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Table 3-3. Preliminary Remediation Goals for COCs in A-Aquifer Groundwater(continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Notl:!s: 

a = Risk-based concentration is from human health risk assessment (Appendix I of Revised Remedial Investigation Report for Parcel E [Barajas and Associates, 2008b)). Remedial goals for the vapor 
intrusion pathway under the residential scenario is not presented because, as discussed in Section 3.1.3.1 of the Feasibility Study Report, this_ potential exposure pathway is addressed by the soil 
remedial action objectives presented in SE!.<etio_n 3_.1.1.1. 

b = PRGs in groundwater are referred to elsewhere in the text as "institutional controls termination goals"; the term "PRG" is retained in this table for brevity 

COG = chemical of concern 

HGAL = Hunters Point ambient groundwater level 

IR = Installation Restoration 

PQL = practical quantitation limit 

PRG = preliminary remediation goal 

µg/L = micrograms per liter 
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Table 3-4. Preliminary Remediation Goals for COCs in B-Aquifer Groundwater 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Risk-Based 
Concentration 

Exposure Senario coc Redevelopment Block Plume/Exposure Area a (µg/L) b 

Residential - 1,4-Dichlorobenzene MU-2 Building 406 TCE Plume 0.30 
Domestic Use of 

~--·-~--
Arsenic MU-2, EOS-1, and IR-02 Northwest Metals, 0.007 

B-Aquifer EOS-3 IR~03 TPH, and Building 
406 TCE Plumes 

Manganese MU-2, EOS-1, and IR-02 Northwest Metals, 870 
EOS-3 IR-03 TPH, and Building 

406 TCE Plumes 
Tetrachloroethene MU-2 and EOS-3 IR-03 TPH and Building 0.10 

406 TCE Plumes 

Thallium MU-2 Building 406 TCE Plume 2.3 

Trichloroethene MU-2 Building 406 TCE Plume 1.4 

Vinyl chloride MU-2 Building 406 TCE Plume 0.032 

Notes: 

HGAL MCL Laboratory 
(µg/L) (µg/L) PQL (µg/L) 

-- 5 0.5 

27.3 10 5 

8,140 50 10 

-- 5 0.5 

I 

12.97 0.5 d 2 

-- 5 0.5 

-- 0.5 0.5 

a= Plumes are located in the A-aquifer, and no plumes are present in the B-aquifer; HHRA methodology extended the A-aquifer plume footprints into the B-aquifer for evaluation purposes 

b = Risk-based concentration is from human health risk assessment (Appendix I of Revised RI Report for Parcel E [Barajas and Associates, 2008b]) 

c = PRG based on HGAL because MCL (or MCL goal) is lower than the HGAL (see Appendix B, Section B2.2.3) 

d = Federal maximum contaminant level goal (0.5 µg/L) is more stringent than the corresponding federal MCL (2 µg/L) 

COC = chemical of concern 

HGAL = Hunters Point ambient groundwater level 

HHRA = human health risk assessment 

IR= Installation Restoration 

MCL = maximum contaminant level 

PQL = practical quantitation limit 

PRG = preliminary remediation goal 

µg/L = micrograms per liter 

-- Not applicable 

• 
PRG 

(µg/L) 
5 

27.3 C 

8,140 C 

5 

12,97c 

5 

0.5 
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Table 3-5. Surface Water Quality Criteria and Groundwater Trigger Levels 

Feasibility Study Report for Parcel E, Hunters Point Shipyard 

Surface Water Quality 
Analytical Criteria for Aquatic Basis for Surface Water 

Group COEC Wildlife (µg/L) Quality Criteria a 

Metals Arsenic 36 CTR 

Copper 28.0 HGAL C 

Lead 14.4 HGAL C 

Mercury 0.60 HGAL C 

,_n 

Nickel 96.5 HGAL 0 

Zinc 81 CTR 

,. 

PCBs and Aroclor-1254 0.03 CTR 
Pesticides 

' 
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Wells _Recommended for Reported Calculated Trigger 

Further Monitoring Concentration Level 
and Evaluation (µg/L) (µg/L) b 

IR03MWO-1 1,180 36 
IR02MW173A 75.7 36 

·-------
PA50MW05A 42.7 36 
IR02MW126A 1,000 28 
IR02MW373A 1,300 28 
IR03MW226A 824 28 
IR03MWO-1 3,240 28 

IR02MW373A 35.2 14.4 
IR03MW218A 23.4 14.4 
IR03MW226A 613 14.4 
IR03MWO-1 65 14.4 

IR03MW226A 0.8 0.60 
IR03MWO-1 1.2 0.60 
IR02MWB-2 1,720 96.5 

IR02MWB-5 3,430 96.5 

IR02MW373A 1,460 96.5 
IR03MWO-1 1,140 96.5 

IR02MW126A 2,320 81 

IR02MW373A 9,970 . 81 

IR03MW226A 1,180 81 

IR03MWO-1 2,400 81 . 

IR02MW372A 35 0.06 
IR02MWB-3 40 0.03 

IR02MW146A 0.24 0.03 
IR03MW225A 1.2 0.03 



Table 3-5. Surface Water Quality Criteria and Groundwater Trigger Levels (continued) 
Feasi_bility Study Report for Parcel E, Hunters Point Shipyard 

Surface Water Quality Wells Recommended for 
Analytical Criteria for Aquatic Basis for Surface Water Further Monitoring 

Group .COEC. 
-'--- -- Wildlife (µg/L) . QualitycCriteria a and.Evaluation 

PCBs and Aroclor-1260 0.03 CTR IR03MW218A1 
Pesticides IR03MW225A 
(continued) IR03MW226A 

IR03MWO-1 

4,4'-DDE 0.001 CTR/ NRWQC d IR02MW372A 

Alpha-Chlordane 0.004 CTR IR02MW372A 
Petroleum TPH (Total) 1,400 HPS Petroluem IR02MW173A 

Hydrocarbons Screening Criteria e IR03MW218A1 

IR03MW218A2 

IR03MW225A 
IR03MW226A 

IR03MW369A 
IR03MW370A 

IR03MW371A 

IR03MWO-1 

Notes: 
a= Derivation of the surface water quality criteria is detailed in Appendix A (Tables A-1 and A-2). 

b = Calculated trigger levels correspond to attenuation factors assigned based on nomographs developed specifically for HPS groundwater (see Attachment A1). 

c = Surface water criteria have been adjusted upward (relative to the CTR criteria) to account for ambient conditions. 

d = Per EPA's NRWQC, the California Toxics Rule criteria for DDT should be applied to all DDT metabolites (i.e., DDD and DDE) 

Maximum 
Reported Calculated Trigger 

Concentration Level 

(µg/L) -. - - .. (µg/L)b .. 

35 0.03 
40 0.03 

0.24 0.03 
1.2 0.03 

1.2 
/ 

0.002 

0.03 0.008 
6,900 4,839 

83,000 3,216 

19,900 3,216 

12,000 3,216 
17,670 3,216 

13,500 1,400 
27,560 1,467 

10,890 2,092 

560,000 12,604 

e = Total TPH aquatic criteria are derived from the 'Final New Preliminary Screening Criteria and Petroleum Program sirategy, Hunters Point Sh-ipyard, San Francisco, California" (Shaw Environmental, Inc., 
2007); the trigger levels are assigned as a function of distance from shoreline. 

µg/L = micrograms per liter 

COEC = chemical of ecological concern 

CTR= California Toxics Rule (Title 40, Code of Federal Regulations, Section 131.38; May 18, 2000) 
DDD = dichlorodiphenyldichloroethane 

DDE = dichlorodiphenyldichloroethene 

DDT = dichlorodiphenyltrichloroethane 
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EPA= U.S. Environmental Protection Agency 

HGALs = Hunters Point groundwater ambient levels 

HPS = Hunters Point Shipyard 
NRWQC = National Recommended Ambient Water Quality Criteria (EPA, 2006) 

PCBs = polychlorinated biphenyls 

TPH = total petroleum hydrocarbons 

• 
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Table 3-6. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 
·Action 

No Action 

Institutional· 
Controls 

Engineering 
Controls 

Monitoring 

Remedial 
Technology Type 

Not Applicable 

Legal 
Mechanisms 

Soil Gas 
Monitoring 

Process Option 

Not Applicable 

Covenants to Restrict Use 
of Property and Deed 

Restrictions 

Fencing, Barriers, and 
Signs 

Periodic Soil Gas 
Monitoring 

Description 

No Action 

Restricts use of parcel through 
environmental restrictive covenants that 

will run with the land; allows only 
designated land use in.accordance with 

the proposed redevelopment plan 
(EPA, 2000a); includes criteria during and 

after future development to ensure 
mitigated exposure conditions are 

maintained, such as covers, barriers, or 
. other engineering controls 

(Navy and DTSC, 2000). 

'"E":'"f;'!.\'::ry1f ~t:~~~-~: 

Restrict land use where there is exposure 
to potentially contaminated soil using 
fencing, barriers, and posting signs 

(EPA, 2000a). 

Collect and analyze soil gas samples 
periodically to evaluate the potential for 

vapor intrusion. 
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Comments 

Retained 

Required by NCP. 
------

Retained 
Easily implemented and effective; 
usually required to restrict activity 

based on land use. 

dTA"~i~a-~~¥~1~~:~~~~~~~ 
str{tf~~~-of ~rop ,... " 
tion~~are .suff· ·-• .. 

'·,,; ' '':'i'<>'y,s;1'; • ~. > 

Retained 
Easily implemented and effective; 
usually required to restrict activity 

based on land use. Not applicable for 
use in open space areas. 

Retained 
Easily implemented; required to 

evaluate effectiveness of other process 
options; low cost. 

ERRG 



Table 3-6. 

General 
Response 

Action 

Removal1 

Treatment1 

Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E.(continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology Type 

Excavation and 
Off-Site 

TreatmenU 
Disposal 

Physical/ 
Chemical 
Treatment 

Process Option 

Conventional Excavation 
and Disposal at Licensed 

TreatmenUDisposal Facility 
(e.g., RCRA, nbn-RCRA, 

and LLRW) 

Soil Vapor Extraction 
(with or without thermally 

enhanced recovery) 

Description 

Excavate soil containing chemicals using 
conventional mechanical equipment; limit 

to depths of less than 10 feet bgs. 
Transport and dispose of soils at a 

permitted treatment and disposal facility. 

Extract VOCs from unsaturated zone with 
vacuum pumps; extraction performance 

can be enhanced with active volatilization 
of voes in groundwater (EPA, 1997b). 
May be used with thermal enhancement 

(e.g., six-phase heating or steam injection) 
to enhance volatilization of chemicals. 

Comments 
- -

Retained for some COCs 
Effective for non-ubiquitous metals and 
PAHs; easily and quickly implemented; 
permanent remedy; and moderate cost. 

Eliminated for ubiquitous metals 
Not implementable or cost-effective for 

entire redevelopment blocks 

Retained for some COCs 
Effective in treating VOCs; 

effectiveness enhanced when 
implemented with active volatilization 

-·-:-;e-~t'tl)~~iti1sWith:a pr6pf"i~t;ry t~~~~ilt ~-' ·.: ::·~:Jliminate9- ?~t 01 
. in a;,~igh-interisity ball: miU( 1nclud . ·•-~·" . t'l risks :to,Workers-associatecf,\,vith ] 
ft.pfetre~ime6f{drying/,s,ie¼ing):c!n~ 'slie:treatrriE!int,"hlMJcost, sttiagent-~J 

soiidifibatiohlstai51i,zatioli 6f,if~ated 're 'uia'ta'?/re"qu·it~rnents'.i!J, '.:,··~ ·1 
,-,. ',,i-c,,.~,,,, , , . 4-·--.,,,;p~ , ;,~ :·r:"",~lf>. • ,, ~. ,, · ~~ , "'~ ~ _,..r;;,,.,.c,; '7'5;,'J , 

., . ;~10JfgasJr~~lrren! r~a~if~d.-':' .·,·,:.~_~_,.·.~----:,:··· .:.1:11)1:1'.n:'~a\i~~;J. ,)$~,Jt·"°,,-·; 
;voi~tiffze'cti~·;,qj'~I$ in;§l>"J"i?-\ . .Thern:ili ,., :. 

<;; s6f pti~'rr'r.~i~M~tiffip~t~iiJ~'t8 l~V~~~ . . k•~mlve~ 6f orgahid;chemic~is; ~~!".:;}~ 
' below oxid~tion " ( des1t1ictlon) .1,,, , owever',' riol'i~ffectivtf6r'rnetals.~ Can , '1 

.• - t~ftigersatur~~-~ ]ncinerji~on_ r~is, · ,:ittf?)~tize,111~t~ls; ct~~ltt19 add_iti6_nal :: '. 
em eratur~ U:f,~2,fQ,bu,~ti-~nit~r:nper,,atui'" - f,;~~].:-Yic'.!6M~DJ~I ~on,c~tos'.fr'_c>rn pdt~ntial,::;t 

r:f (ERTR; 2005)~J~: ;,(,: -- :(1laifteinissiqfis'."_flig~Jc6st,' string~0t ,, 1 
,::::':-~~rt--: ... :\iif:\:~::.. . ... ,_t/J!~!:r~Je~-~~!?~r'e~DJJ~.m,entst/· -

N:\Projects\2005 Projects\25-049 _Navy_ HPS _ E-2_RI-FSIB _ Originals\Parcel-E _FS\05Final\ Tables IT able 3-6 _rev1 .doc 

ERRG-6011-0000-0006 Page 2 of 8 
ERRG 

• • • 



• 
Table 3-6. 

General 
· Response 

Action 

Treatment 
(cont.) 

• 
Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology .r ype 

Physical/ 
. Chemical 
Treatment 

(cont.) 

Process Option Description Comments 

N:\Projects\2005 Projectsl25--049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\Tables\Table 3-6_rev1 .doc 

ERRG-6011-0000-0006 Page 3 of 8 



Table 3-6. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Treatment 
(cont.) 

Containment 1 

Remedial 
Technology Type 

Covers 

Process Option Description 

Soil Covers Place soil cover over contaminated soil; 
prevents direct contact with contaminated 

soil. 

Asphalt or Concrete Covers Place an asphalt or concrete cover over 

Engineered Alternative 
Caps. 

contaminated soil; prevents direct contact 
with contaminated soil. 

Place a soil cover with a geomembrane 
liner that is made of an impermeable, 

synthetic material; prevents direct contact 
with contaminated soil and minimizes 
migration of contamination. Can also 

include engineered soil caps using clay 
instead of synthetic material. 

''f~•rc,_, < ',";'.-:?,·,'. i's' >';/""J,<¾"s"'."1.,.-•."!'.>, '" ".½'f:':'f,-?-.·'S:"i< ~··*'~- i(< 

\ Maif1Jain a vegetative po~@r. o,vef' 
' . ..;. -~· -~·-• . - - , ·-·-."' .. 
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Comments . 

1iflil~~ted. --· ,- ,~~z'"'' ·'+"7 
metJ1§: noteffident for• i 

es of16iis containing. ,. :i 
.. _·,:1e,x~f~A~1sYti<:~lf~i~~:il'','.-l 

Retained for areas that are not paved or 
do not require paving to achieve 

planned land uses. 
Effective for metals and PAHs; easily 
and quickly implemented; moderate 

cost per unit area. 

Retained for areas that are paved . 
or require paving to achieve 

planned land uses. 
Effective for nietals and PAHs; 
moderate cost per unit area. 

Retained for areaswith elevated 
concentrations of mobile chemicals that 
are not paved or do not require paving 

to achieve planned land uses. 

Effective; easy to moderate 
implementability. 

-~~f Eiih'ifflft~i':~~ \ '11~~f{ :,. ~·:~ 
·of considered appliqabie to.bare soil .! 
eas at,·P~r~el. E _v.iitr;:!)_rganic: qh_emicalj 

oncJqJt?tior;if~Sseedii:ig:~~~9s. _.·· r.; 
uld;not.oe'ah'effective m9-!h6d for ··.1 

__ --q::'•'~:-~!~~i-~a~in~t~h~P.?.~ure.~;~~ ' 



• • • 
Table 3-6. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 

General 
Response 

Action 

Containment1 

(cont.) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California · 

Remedial 
Technology Type_ 

Shoreline 
Armoring2 

Shoreline 
Stabilization 
(Structura1)2 

Process Option 

Protective Revetments2 

Description 

Install an erosion control structure 
consisting of riprap, large armor units, 
gabions, articulating concrete mats, or 

engineered concrete structures 
along the shoreline. 

~1?s1}~MA6f~tt!TtGtl~f;1:::F, 
·',PrDYlcl[flg'itS"(s' ·• "'' : . ;;~ , ,M.f·c 

'>> •• ~, {•; ;xi'tjw.,;,' ',"' :;r, """"' C 
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Comments 

Retained for detailed evaluation. Rock 
revetment successfully implemented 

along HPS shoreline in the past. 
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Table 3-6. Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

Containment1 

(cont) 

Remedial 
Technology Type 

Shoreline 
Stabilization 
(Structural)2 

(cont.) 

Shoreline 
Stabilization 

(Nonstructural/ 

Process Option 

Nearsnore Silis2 
, : 

. . . . . 
1 0~ ~~J~i:1,)~~ 

_,,.,,.,. 

"¥{ *>., 

/~~~ftqu~~icNe~~.ulti6 

Natural Shoreline Materials 
with Offshore Reet2 

Description 

%. nsiaii;:narrow rpck'.~tructyre(sfP~tallelio 
snoreiine wittrcrest afofoelow:Mi9HW. · 

··. Ro.cl< may t>Jl~uostitui~twith rf~lur~I? 
. mat~flal ( suct'Fas· oyster;,s~~lls) a,nd be 
\. f:Orribi11ed:_witpy~get~tioJ'.);,!<;>l~~i.it;lt:J,, 
·11. - erosio~tromWave actiorl'·' :.>i/ 
,: ~ ,,, ~i•:~ e '~;/:7'.f~-~;~-~~-~ ~--~-•.?~C , ~']:"~~:-? 

Install. rock structure offshore Witt'.ii rest at 
.J .pel~W .ty1 HHV¼i¼ Rock, rri~Y,; be'.'~J~,stitu,t' , 
:;

11:
1 

; Witif'haturai niateriar(such as :ryster~ 
_ ·shells)aftcl be·combined-with vegetation t 
., : ieauce eros,Jq'ri trom}N~,ve ~ptlpr;i. _,, ·. 

7'}~:t-·x~,tz·~:~:~\~J~-7;~~;{ig~1-Zf:_,~f.-Lct?~:;tf~:-~\~_::\tcf.:~.f~~t~~~i 
lanraquatic vegetatioh"either-qffshore.or 

. Within;intertid~l;zone.> Reduceterosioh 't' 

· · 't\<::Jr.oht\,;r,acHon;:, -

Place soil to prevent direct exposure to 
contaminated shoreline sediment. Install 
rock st~ucture offshore 4, with crest at or 

below MHHW to reduce wave energy, and 
plant aquatic vegetation to reduce erosion 

potential. 
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Comments 

, ,E1li11j,~J3,tE~d-~af~~an~18r:ie-0ptlti"~_3
:~;, 

, .a\woµitrriottun/cont~,iifshorelinf. 
sediment from potentiai wave~indu·ced 
:: era .r,,,~. and \'.'/Q~id not :sati~fy RA<1s, 

. - jJ~: . .}~: - . r??{t~l~lt: 1 

d~aic'>ne optiodr-·-.--: 

~taJ~,,~h?~elin~:(/·>;-j 
t1al'wave-mduced - i 

ot s~Hsfy RAQs. ' 

_ .. n:,j~~~op~t~i;;_;~ ; 
not fuiiy contair{shoreline.· 
from:potehtial,W~ve~induced . 

ana_'.W9Gid ,.not*s'~iist/RAOs-'r<·~ 
),, + , - ,,.-,,p{9"">;'"~ ~>'' •1, ,,,~,'./-,&;>,;: · ,. , • • ,.ef·''QC.c ","- ,,,,, 

:: ted 'al§tahcl-a.lbne opti6n3 .. ,, ; 

. :not.fullY c6ntai~\stibreline·.. . 1:Sj 
:trom"fp'otEiintial{Wave~ihdu6ed:1:'1 

.,. - · ·· ·u, ·sty RAbs.' · 1 

-~~~{-

Retained for detailed evaluation. 
Assumes that offshore reef and aquatic 

vegetation could be developed in a 
manner that adequately controls 

erosion potential in intertidal shoreline 
zone. 

.l 

----~ '·.., •• ''.. , < ~; ;, 
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• 
Table 3-6. 

General 
Response 

Action 

Containment1 

(cont.) 

• • 
Screening of GRAs and Process Options for Soil and Shoreline Sediment at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology Type 

Shoreline 
Stabilization 

(Hybrid)2 

Shoreline 
Nourishment2 

Process Option 

Natural Shoreline Materials 
with Underlying Rock 

Armor2 

Description 

Place soil to prevent direct exposure to 
contaminated shoreline sediment. Install 

rock armoring layer under soil if wave 
action causes erosion of soil. 

Comments 

Retained for detailed evaluation. 
Stabilization options successfully 

implemented following removal action 
at Metal Debris Reef iri 2007. 
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Table 3-6. Screening of GRAs and Process Options for Soil and _Shoreline Sediment at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Notes: 

1. 

Shaded process options are eliminated for further evaluation as a remedial alternative. Eliminated technologies are not presented in text. 

GRA applies to soil only. 

2. Shoreline protection technologies and process options are evaluated in Appendix D. 

3. Eliminated as stand~alone stabilization option but may be incorporated with hybrid stabilization option. 

4. Offshore reef consisting of rocks is identified as a representative structural element for this hybrid stabilization option; however, alternative structural elements may be proposed 
that meet the design objectives and provide equal (or superior) performance relative to effectiveness, implementability, and cost.. Alternative structural elements may use 
natural materials (such as oyster shells) or may involve placing the structure closer to the shore (such as a nearshore sill). See Table 3-9 for a more detailed evaluation of this 
option. · 

bgs = below ground surface 

DTSC = Department of Toxic Substances Control 

EPA= U.S. Environmental Protection Agency 

FRTR = Federal Remediation Technologies Roundtable 

GRAs = general response actions 

HPS = Hunters Point Shipyard 

IR = Installation Restoration 

LLRW = low-level radioactive waste 

MHHW = mean higher high water 

NAPL = non-aqueous-phase liquid 

Sources: 

Navy = Department of the Navy 

NCP = National Oil and Hazardous Substances Pollution Contingency Plan 

O&M.= operation and maintenance 

PAHs = polycylic aromatic hydrocarbons 

PCBs = polychlorinated biphenyls 

RAOs = remedial action objectives 

RBCs = risk-based concentrations 

RCRA = Resource Conservation and Recovery Act 

VOCs = volatile organic compounds 

Atlantic States Marine Fisheries Commission, 2010. "Living Shorelines: Impacts of Erosion Control Strategies on Coastal Habitats." Habitat Management Series #10. J.C. Thomas-
Blate, Editor. February. Available Online at: <http://www.asmfc.org/publications/habitat/hms10LivingShorelines.pdf>. 

EPA. 1997a. "Best Management Practices (BMPs) for Soils Treatment Technologies." EPA 530-R-97-007. May. 

EPA. 1997b. "Analysis of Selected Enhancements for Soil Vapor Extraction." EPA 542-R-97-007. September. 

EPA. 1998a. "Evaluation of Subsurface Engineered Barriers at Waste Sites." EPA 542-R-98_005. August. 

EPA. 2000a. The Office of Solid Waste and Emergency Response Publication on Land Use Controls. Available Online at: 
<http://www.epa.gov/oerrpage/superfund/action/ic/guide/index. htm>. 

FRTR. 2005. Federal Remediation Technologies Roundtable Website. Accessed in January 2008. Available Online at: <http://www.frtr.gov>. 

U.S. Army Corps of Engineers, 2006. "Coastal Engineering Manual." April. 
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• 
Table 3-7. 

General 
Response 

Action 

No Action 

Institutional 
Controls 

Engineering 
Controls 

• 
Screening of GRAs and Process Options for Groundwater 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology 

Type 

Not Applicable 

Legal 
Mechanisms 

Physical 
Barriers 

Vapor Barrier 

Process Option 

Not Applicable· 

Covenants to Restrict 
Use of Property and 
Deed Restrictions 

Security Features and 
Signs 

Sub-Slab 
Depressurization _ 

· Description 

No Action 

Restricts the use of the parcel using environmental 
restrictive covenants on the land. Includes criteria during 

and after future development to ensure mitigated exposure 
conditions are maintained! such as vapor barriers or other 

· engineering controls (Navy and DTSC, 2000). Also 
restricts subsurface intrusive activities that might result in 

or aid the movement of contaminated groundwater. 
:':"'"~tr"°¾f~~~ 

Prohibits activities that could spread groundwater 
contamination by requiring locked well caps and secured 

utility access covers, and identifying and securing any 
additional conduit where humans or wildlife could 

potentially be exposed to groundwater. Requires posted 
signs and locked doors to prohibit occupancy of buildings 
or other enclosures where unacceptable risk exists from 

the vapor intrusion pathway. 

Install blowers and vapor collection points below a building 
to maintain a negative pressure gradient and prevent 

vapor intrusion. 
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• 
Comments 

Retained 
Required by NCP. 

Retained 
Easily implemented and effective; 
prevents exposure to COCs and 

COECs. 

Retained 
· Easily implemented and effective; 

prevents exposure to COCs and 
COECs. 

Retained for new construction 
Effective and low-cost method to 

minimize vapor intrusion only. 



Table 3-7. 

General 
Response 

Action 

Engineering 
Controls 
(cont.) 

Monitoring 

Treatment 

Screening of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology 

Type 

Vapor B.arrier 
(cont.) 

Groundwater 
Monitoring 

Passive 

Process Option 

Sub-Slab 
Depressurization 

Description Comments 

Install blowers and vapor collection points below a building ; ' . E!iniiriatEJdJgf:existing ~ildings ., •. ~,, 
to maintain a negative pressure gradient and prevent 'i;f!Extensive investigation into , · ·' · 

vapor intrusion. )1cq9IJffio,ri$., UQ~~t;i~e. bi.iildL~g:,would"1" 
:"Be nec~ssaiy t6J:3n},Ure it\(:}' systemsJ!:: · 
<· ,cover' the eritit~ foundation and .-~: 
.: . ,utiHt/condliits' 6r,J>ther preferend~f! 
l '~~t~fay"~\itf not PL~1E2.nt 1\~~tJ 

l--:o .. ,,
7fJt':""'rt-,.E-po_x_y_' ---,c'""'c5"""~-tin-g----:-,,:,,:;;=l--c:-, -s-e""·~"i"""}h-,-,~e'~ -fl-oo-. r:"""':a"")~ca""' .. ,;-b-u-Ud-,i""'figc'3~f"'w7'it,--h,--,a-n"':-e""p

7
6X-, y..,,;~-67~,--;e=, d-.,,-,-~-ea--,i""'~""q"'C\;~"")"'1f,fl-.\, '• ·:',EUniiri~ted ~ta' stand~~lone ':o;-;:g; 

,?if•. ' ~. · J>{ ic;ling ~(rt,y~ical b~frier to.,yap9r migratton ir.,to _,'.:}" : ~'..,) • techf1,ology. :~/ . ")f 
· .. , · .,,\i'"'n,½;:.' ·>,IJ.uildings, <\~:t ;, .. ·.;'.\~·:· ,. ~:<May,be used,iJ:,•conjunction with.'}~; .. 

, , ' ,.,,,: ~;,:"', ' '• ;;f.~"~ ~: .\\,::,, *(;:'~:,,i~}:>;slab depfessuriiation. to +}.'~" 

Periodic Groundwater Collect and analyze groundwater samples periodically to 
Monitoring monitor aquifer hydraulics and chemistry and variations in 

groundwater contamination. Chemicals are identified for 
detection monitoring and evaluation monitoring programs. 

Monitored Natural 
Attenuation 

Allow chemicals to naturally attenuate via biodegradation, 
dispersion, dilution, or adsorption. Requires monitoring to 

assess recovery rates and success. 

: :_. ·,::nprove}::_f(ectiveness: 
~-:> .,__ _,,, 

. . . Eliminated .,::,> .·· ·t<.· 
"Hig_"',po J;; redQf¢s tt\efy,r~tionalitit1'. 
. ;,<;\}\i~'.;;?:i-o(t~~:~tructur~.!f · 4"'l~i; 

Retained 
Easily implemented; required to 
evaluate effectiveness of other 

process options; low cost. 

Retained for use as a component of 
remedial alternatives 

Periodic monitoring is easily 
implemented; low cost. 

N:\Projects\2005 Projects\25--049 _ Navy _HPS _E-2 _ RI-FS\B _ Orig(nals\Parcel-E _FS\05Final\ Tables\ Table 3-7 _rev1 .doc _j_;_l:s 
ERRG-6011-0000-0006 Page 2 of 7 

', ti ~.,. · ~1, J;.; 

ERRG 

• • • 



• 
Table 3-7. 

General 
Response 

Action 

Treatment 
(cont.) 

-• • 
Screening of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California · 

Remedial 
Technology 

Type 

In-Situ Physical 
Treatment 

In-Situ 
Biological 
Treatment 

Process Option 

Air Sparging with SVE 

Pneumatic/ Hydraulic 
Fracturing 

Anaerobic and Aerobic. 
Bioremed iation 

Description 

Inject air into the bottom of a saturated zone to strip VOCs 
from groundwater. Extract voes from the unsaturated 

zone with SVE. 

Inject air and water under pressure into soil to enhance. 
permeability by developi_ng cracks in low-permeability and 

consolidated sediments to increase removal efficiency. 
Used as part of injection processes (e.g., in-situ 

bioremediation, ZVI). 

Introduce amemdments to groundwater in areas where 
chlorinated solvents are present to enhance 

biodegradation of chlorinated VOCs. Amendments include 
electron donors, electron receptors, nutrients, and 

microorganisms, if necessary. Requires monitoring to 
assess program (FRTR, 2005). 

Comments 

Retained 
Easily implemented in conjunction 

with SVE; improves effectiveness of 
SVE at reducing VOC mass in 

groundwater. 

_ Retained 
Effective at enhancing distribution of 

reagents; demonstrated to be 
implementable in treatment studies 

at HPS; low cost. 

Retained 
Effective for voes at moderate to 

- low concentrations; easily 
implemented; moderate cost; no 

O&M costs; requires monitoring, but 
treatment should reduce long-term 

monitoring effort. t----------~..,.,..,_-~-~~----------------.,.......--~-= 
•• ;;_:.·_ •.•. :".,t.

0

.

0

r •. ~a;n~~sifre

2
r1,r~S!_.~t··a~bf,i1.~,·~z:e;.r,:.~.·a;n:di.·.;dlaer.1srter~.oiy~_ •. • .. i,.ni_Jo.·.~.··r

1
gf.a1ni,

0
c;,~a~n;.}d:~o~r

1

;g;a··•-inJ .• ,~c·_• .. ••.·.~ .. :.·.•··· .. · .. :.··.·.• .. , ..•. · •. · ... -.:-•._:.: .. •-.:.. . ;i~~T!~Z!~:~~f h.~:;y . 
"'; n9t bejCT)plerp~dtable'withplanried ... 

·••- ;; ch~rni¢als ip,g~9un,9water;•r¢quifes' fuoriiJoripg .to§IS,~~ss::f \. ;·•r.eys~;:rnoderjteJmplernentation) :r; 

~!it!itiilril~~~1i,~il~~l~~;;~~~~i~~r:~:I ji,.~1~ltil1lfu1,;~~! \~· .. · 
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Table 3-7. 

General 
Response 

Action 
- - ,-- •-" - . 

Treatment 
(cont.) 

Screening of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology 

Type 
-

In-Situ 
Biological 
Treatment 

(cont.) 

In-Situ 
Chemical 

Groundwater 
Treatment 

Process Option Description Comments 
~~~••.-•,._.?, -.,...,.,M.<',,,,,,,..,,_..........,,._,.,,. __ ~,~ ........ :eM:::£',&,o~'>a,,'.,.,_, ' ••0~~....,;:.s:""""•-~•'""'"-••""""--"~~W,I+ 

'if argirig ,, -·· - ' :_, _, ",AiJd.pxyg~rf~Qd riutrientsJo tt\~ inJe,c ,_ . .z
7 

_ea_m. 0/, :: <;''"~- . _ '-~'ifiate,d, -::--~.,: -'>~- ,-,_ 
- - enti~ncJ~~Jtifj~lfarging;'enhahces:_gr6~!f§t:B~turaliy ,:;:.:::, (,Low ~ffe~tlv,, -~s{(urili~ely to meet' 

-. occurfi "'-f ¼, icr'ooes ahd accelerates'. b(' ="'·ea iaticm. -. . - '- . RA Os -witninfa-reasdnable time 

Chemical Reduction: 
ZVI Injection 

<:;;ln-'-SituChemical 
_- _ -};~fa4 Ox1d~tion <i·-

· -~,, *'''. ·· - - · · ----- ·· • - ·: ·- · . .fram~i~~§Jtt~(more effective·. 

oxiclatio~ ~~qQ,.~~]-~,t~re ~va1lable. 
='-"'-----""---!------'-'-_,_:_~ 

Inject ZVI into an aquifer to encourage enhanced recluctive 
dechlorination of chlorinated voes. 

-: lnje'cfc_fi-~fnlcal~oxidants into tlie' va-do~icii>h~ and~ 
grouhd'!\fi{l;tno:<>x'idiie site chemicalsJJ~~yfng\vate{and 

__ carbon:dioxide,-~Typical oxldarits~iffciijtj_e"'f,y~rogen __ 
_,,':-perpxicle;/potassium permanganateJa11d·-•s9~dium~-;-_ .. 

- -- -.- --- -- -- - / p~rsulfate. :-,>,;;,",.;JCs.i, - -

Retained 
Highly effective for voes; most 
efficient at high concentrations; 

implementable as a fast-reacting 
remedy; moderate to high success 

in pilot tests at HPS; high 
implementation costs with low O&M 

costs; requires monitoring, but 
treatment should reduce long-term 

monitoring effort. 

:,t;f;'iElirninated ' 
·. NoteffecJive]<;r low-level VOC 

-~ cont~rn_ipatiori in groundwater; 
challer1ge3SfR"6s~~ by heterogeneous 
,. cfilr (prefere]:1!iaL~owpaths ), and -• 

.•• -.. , ,,c·av~ilabillty}9flother-_relevant anci· ...• 
'..~: eff~qtive)~chnologies _ 
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• 
Table 3-7. 

General 
Response 

Action 

Treatment 
(cont.) 

• 
Screening of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology 

Type 

In-Situ 
Chemical 

Groundwater 
Treatment 

(cont.) 

Description 
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Table 3-7. 

General 
Response 

Action 

Removal 

Screening of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology 

Type 

Extract and 
. Dispose 

Process Option Description Comments 

,: ·Eliminated· --7S° 
il:Nc>lteffectiv~tfor low; evel J~~",('1 

/ co6t~iJiirfatf 67{lfi. grou-~d¼at~tt;ty ! 
halienges posed'-by heter6gene6usX 
· fill,(pjefererit1¼1 ~PW paths), al}d · It 

c;1yailfi~iiity.,of pftier rele~1,~nt aru:.lJti: 
· 1,>~eff¢ctive J~~_hnolog[~s: · , ·. : ·i'k~1 

~*-· Surfactanf Enharic;~r · -. i~ct swl~ctants·op/c~~~)ventsjnto\Btsou;;;;I~r~a t~ · ~:.i::;\;:'{"f Elinii~~ted .. (eEif; · . 4! 
i;I'.;',: ln-Sitti' Flushjng<:w_ '~c:i ·. enhancergrouhd~at~r' pumpiand~tr~~fpr6_ces~rand1~x ~Qi,ffl~LJit tci)¾plement;J.risk of,.,::;:;J' 
ff~;?/ . -·~-- ,":' ·. ···;,tf·:. · : ·1uqliize'DNAPL:(~ccompifsfl,,dis~cily~d'-Phas.~~~j:>ture •' -·1·h'1()piiizing NAP[ beyond,site .. 'J:; . 

_____ __,_ -·· -----~ ____________ ~ ;i -{~t-. ,,-':,:'~ -~- :~>-. , ,}iinroug~ ~.se~.i~~~[~x.t(acti2,fl•~~lls:t~f~: '\~IY· · :~i~.~---~6Jtdary. ·. . .,. 

Containment Physical and Slurry or Sheet-Pile Wall Install slurry or sheet-pile walls below ground to contain, Retained 
· Hydraulic (with groundwater capture, or redirect groundwater flow. Effective in containing chemicals in 

Barriers extraction wells, if Can be used to decreas~ the groundwater flow gradient groundwater; implemented 
necessary) and consequently increpse the residence time during successfully at HPS in the past, low 

which chemical concentrations would be reduced through to moderate cost. 
physical, chemical, and biological processes. Where 
needed, groundwater extraction wells might be used 

behind a wall to further mitigate migration (e.g., at a landfill 
where landfill leachate poses an unacceptable risk to 

downgrac;lient receptors). 
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Table 3-7. Screening of GRAs and Process Options for Groundwater (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Notes: Shaded process options are eliminated for further evaluation as a remedial alternative. 

COCs = chemicals of concern 

COECs = chemicals of ecological concern 

DNAPL = dense nonaqueous-phase liquid 

EPA= U.S. Environmental Protection Agency 

FRTR = Federal Remediation Technologies Roundtable 

FS = Feasibility Study 

GRAs = general response actions 

HPS = Hunters Point Shipyard 

IR = Installation Restoration 

Sources: 

NAPL = nonaqueous-phase liquid 

NCP = National Oil and Hazardous Substances Pollution Contingency Plan 

O&M = operation and maintenance 

POTW = publicly owned treatment works 

RAOs = remediation action objectives 

SVE = soil vapor extraction 

TtEMI = Tetra Tech EM Inc. 

VOCs = volatile organic compounds· 

ZVI = zero-valent iron 

EPA. 1998b. "Field Applications of In Situ Remediation Technologies: _Chemical Oxidation:: EPA 542-R-98_008. September. 

• 

EPA. 2000a. The Office of Solid Waste and Emergency Response Publication on Land Use Controls. Available Online at: <http://www.epa.gov/oerrpage/superfund/action/ic/guide/index.htm>. 

EPA. 2000b. "A Guide to Developing and Documenting Cost Estimates During the Feasibility Study." EPN540/R-ci0/002. Washington, D.C. July. Available Online at: 
<http://www.epa.gov/superfund/resources/remedy/costest.htm>. 

FRTR. 2005. Federal Remediation Technologies Roundtable Website. Accessed in January 2008. Available Online at: <http://www.frtr.gov>. 

Ground-Water Remediation Technology Analysis Center. 1997. "Electrokinetics." July. 

Navy and DTSC, 2000. "Memorandum of Agreement Between the United States Department of the Navy and the California [Environmental Protection Agency] Department of Toxic Substances Control." 
Signed March 10. · 
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Table 3-8. Screening of GRAs and Process Options for NAPL at IR-03 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 

No Action 

Institutional 
Controls 

Engineering 
Controls 

Monitoring 

Remedial 
Technology 

None 

Legal 
· Mechanisms 

Process Option 

None 

Covenants to 
Restrict Use of 

Property and Deed 
Restrictions 

;;.t_:--:;t ,,, , s; ,- ,' • ' .. !'f""''c'":.,,, 'l'{s::,w:~,, 7 -~?7:c~~z-:;,i "'-1\o."~ 

'!'Aaministfamr~ ' · · 
l•j ~eth,a_riisn'.1.' 
i}l~a•"; ,f':-~~· 

Physical 
Barriers 

Groundwater 
Monitoring 

Security Features 
and Signs 

Periodic 
Groundwater 

-~---·'----·-··------1---M_o_n_ito~ .. 
Removal Physical 

Extraction 
Liquid-Phase 

Pumping 

Dual-Phase 
Extraction 

Description 

NAPL PROCESS OPTIONS 

No further response actions. 

Restrictions placed on the use of land or activities that 
may take place in a given area. Complete description 

provided in Tables 3-5 and 3-6. 

Prohibits activities that could spread groundwater 
contamination by requiring locked well caps and secured 

utility access covers, and identifying and securing any 
additional conduit where potential humans and wildlife 

could be exposed to groundwater. 
...................................... 

Collect and analyze groundwater samples periodically to ! 

monitor variations in aquifer chemistry and hydraulics 
and changes in groundwater contamination. 

-------+ 
Recover NAPL to the maximum extent practicable 

through either traditional pumping techniques. 

Use vacuum pumps to remove various combinations of 
contaminated groundwater; separate phase petroleum 
product and hydrocarbon vapor from the subsurface. 
Extracted liquids and vapor are collected and treated. 
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Conclusion 

Retained 
No action as required by NCP. 

Retained 
Easily implemented and effective; 
prevents exposure to COCs and 

COECs. 

~~tmtrUf.flf :tif l 
Retained 

Easily implemented and effective; 
prevents exposure to COCs and 

COECs; low cost. 

Retained 
Easily implemented; effective for all 

COCs; low cost. 

Retained 
Potential high effectiveness when 
combined with thermal treatment. 

Retained 
Potential high effectiveness when 
combined with thermal treatment. 

,_i,,~r 
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Table 3-8. 

General 
Response 

Action 

Removal 
(cont.) 

Screening of GRAs and Process Options for NAPL at IR-03 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology 

Physical 
Extraction 

(cont.) 

i 

I 

Process Option 

Thermally 
Enhanced 

Extraction by Hot 
Water Circulation, 
Electrical Resistive 
Heating, Thermal 

Conductive 
Heating, or Steam 

Injection 

Treatment and 
Off-Site Disposal of 

Extracted NAPL/ 
Groundwater 

Excavation 

Off-Site Disposal of 
Excavated NAPL/ 

Soil 

Description 

NAPL PROCESS OPTIONS (continued) 

Use hot water circulation, electrical resistive heating, 
thermal conductive heating, or steam injection to 

decrease viscosity in NAPL, mobilizing it for extraction. 
May need to be implemented in conjunction with 

containment action (to retain heat within treatment zone 
and prevent off-site migration of NAPL). 

Treat extracted NAPL, groundwater, and vapor prior to 
disposal. Depending on the POTW facility pretreatment 

requirements and other potential regulatory issues, 
extracted groundwater can be conveyed and discharged 

to a POTW facility. 

Remove contaminated material with heavy equipment. 
Excavated soil can be stockpiled on site for treatment or 

transported to a permitted off-site treatment and 
disposal facility. 

Collect and transport soil to an appropriate treatment, 
storage, or disposal facility. Disposal of soil would 

involve constructing on-site staging area from which soil 
would be transferred to trucks and transported to an 

off-site facility. 
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Conclusion 

i Retained 

I Significantly improves effectiveness in 
recovering viscous NAPL source areas 
using standard extraction techniques. 

Extraction not feasible without 
enhancement; moderate capital cost; 

moderate to high operational cost due to 
power consumption. Capital cost can be 

partially offset if equipment is used for 
thermal treatment upon completion of 

NAPL extraction. 

Retained for further evaluation as a 
component of remedial alternatives. 

High effectiveness and implementability. 

Retained for consideration of ex-situ 
treatment or off-site disposal scenarios. 

Retained 
Highly effective; off-site disposal could 

be used for (1) disposal of small 
volumes of process residuals or 

! (2) sitewide cleanup of soil from IR-03. 

ERRG 
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• 
Table 3-8. 

General 
Response 

Action 

Containment 

In-Situ 
Treatment 

• 
Screening of GRAs and.Process Options for NAPL at IR-03 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology Process Option Description 

· NAPL PROCESS OPTIONS (continued) 

Covering and Soil Cover or Isolate contaminated soil and buried debris from 
Capping Engineered potential humans or wildlife at the site using a 

Alternative Cap soil cover or engineered alternative cap. 

Hydraulic Slurry or Install slurry or sheet-pile walls below the ground to 
Barriers Sheet-Pile Wall contain, capture, or redirect groundwater flow in the 

vicinity of IR-03. 

Solidification/ In-Situ Mixing Mix one or more reagents directly into contaminated 
Stabilization soil/NAPL with mechanical equipment. Reagents may 

include stabilizing agents (such as cement or bentonite) 
and reactive agents (such as a chemical oxidant). 

Ex-Situ Mixing Excavate contaminated soil and NAPL, transport to on-.. site location, and spread in layers. Mix a binding 
reagent into soil/NAPL with mechanical equipment and 

transport/place stabilized material in excavation. 

~ 
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• 
Conclusion 

Retained 
Easily implemented; a low-permeability 

geosynthetic clay cap was installed over 
the surface of IR-03 in 1997; effective in 
eliminating exposure; low to moderate 

cost. 

Retained 
Effective in containing NAPL and 

groundwater contaminants. Easy to 
moderate implementability; may be 

difficult to implement close to shoreline 
because large debris is present; 

moderate to high cost. 

Retained 
Effective in stabilizing NAPL if 

homogeneous mixing is achieved; may 
be difficult to implement close to 
shoreline because large debris is 

present. Moderate to high capital cost; 
low O&M cost. 

Retained 
Effective in stabilizing NAPL with 
homogeneous mixing process; 

implementation may be limited by 
available on-site area. High capital cost; 

low O&M cost. 



Table 3-8. 

General 
Response 

Action 

Screening of GRAs and Process Options for NAPL at IR-03 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology Process Option Description Conclusion 

--- -- - - -- -=-- - - - - '-- - --- -- ~- -- --- - - --

In-Situ 
Treatment 

NAPL PROCESS OPTIONS (continued) 

EilfniA~ted as~stand-alone option for '. -i 
:-~~~featfo~r'.it;: butr:nay _be ·_considered J 
. o address associated gr6LindWater'"' f': 

,;;-ttontamination. ;;,~- i: ,._,;~'":h 
, 1 cbus;iiatUr.~ bf NAPL wou1d,j:;;; 

"_, ~ tmii~e#ectivehe§s 6f in~~ltu·:4.f,t~ir1:i 
-, iodegra'clatlon i1r1d'chemica1 oxidation;:;~{ 

~Jb,,-,'c,~,,;,.,,,&;&-~.0'.M'. &.h., /~ ·_1 ·"'•" v!l,- ~ ~~ --t,Ji~,1.1'1, <-- ·• "1•1/ !/Is, ~ ', """". ,•·> ,, d 

ADDITIONAL OPTIONS TO ADDRESS ASSOCIATED GROUNDWATER 

In-Situ Thermal J Thermal Treatment Use electrical resistive heating, thermal conductive Retained 
Treatment Treatment 1 by Electrical heating, or steam injection to vaporize VOCs and Easily implemented as a follow-up step 

Resistive Heating, SVOCs in groundwater. The vaporized chemicals are to thermally-enhanced extraction; 
' Thermal i subsequently captured using vacuum extraction effective at treating organic compounds 

Conductive (e.g., SVE}. May need to be implemented in conjunction in groundwater, short treatment duration; 
Heating, or Steam with containment action (to retain heat within treatment high operational cost due to power 

Injection zone and prevent off-site migration of NAPL). consumption. 

Biological Anaerobic and Introduce amendments to groundwater to enhance Retained 
Treatment Aerobic biodegradation of organic chemicals. Amendments Effective at moderate to low 

Bioremediation include electron donors, electron receptors, nutrients, concentrations; easily implemented at 
and microorganisms, if necessary. moderate cost; no O&M cost; requires 

Requires monitoring to assess program. monitoring, but treatment should reduce 
long-term monitoring effort . 

.. --·-·-· ------·-

Passive Monitored Natural Allow chemicals to attenuate naturally via Retained 
Attenuation biodegradation, dispersion, dilution, or adsorption. Periodic monitoring is easily 

Requires monitoring to assess reduction rates. implemented; low cost. 
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Table 3-8. Screening of GRAs and Process Options for NAPL at IR-03 (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response 

Action 
Remedial 

Technology Process Option Description 

ADDITIONAL OPTIONS TO ADDRESS ASSOCIATED GROUNDWATER (continued) 

In-Situ 
Treatment 

·. i'::f71;r~~Vi;!,~.~t:Barri~.~;:jin :i,tm~gr~t~'''r~astl~~tcqmp·~nents'Tntd'a):rydr~.U1lc"b~/;~.i.,~ff,t9 · 
· m~.c!Jc:3!$.::tPQtarnjhan.t\de§Jr\Jftion usihgff\J rjnel. anq\gat$;: 

• .7 Cc.'"' . ,cipp[Q,~qgj, , , . ,,{"](::~~,;j;{,, .. 

Notes: Shaded process options are eliminated fodurther evaluation as a remedial alternative. 

COCs = chemicals of concern 

COECs = chemicals of ecological concern 

DPE = dual-phase extraction 

IR= Installation Restoration 

NAPL = nonaqueous-phase liquid 

NCP = National Oil and Hazardous Substances Pollution Contingency Plan 

O&M = operation and maintenance 

POTW = publicly owned treatment works 

SVE = soil vapor extraction 

VOCs = volatile organic compounds 
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Table 3-9. Detailed Evaluation of GRAs and Process Options for Soil and Shoreline Sediment 
Feasibility Study Report for Parcel E, Hunters point Shipyard, San Francisco, California 

-
General Remedial 

Response Technology 
Action Type Process Option Description Effectiveness 

No Action Not Not Applicable No Action Does not achieve RAOs. 
Applicable 

Institutional Legal Covenants to Restricts use of parcel through environmental Ineffective in reducing contamination. 
Controls Mechanisms Restrict Use of restrictive covenants that will run with the land; Effective at limiting or preventing 

Property and Deed · allows only designated land use in accordance · exposure of humans to contamination, 
Restrictions with the proposed redevelopment plan (EPA, especially when used in: combination 

2000a); includes criteria during and after future with other options. Does not prevent 
development to ensure mitigated exposure exposure of wildlife. 
conditions are maintained, such as covers, 

barriers, or other engineering controls (Navy and 
DTSC, 2000). 

-·•-, -----►~-- ..:.,.,· 

•, 

Engineering ·Physical Fencing, Barriers, Restrict land use where there is exposure to Effectiyely prevents exposure of 
Controls Barriers and Signs potentially contaminated soil using fencing, humans to contamination, especially 

barriers, and posting signs. when used in combination with other 
options. Does not reduce volume or 

toxicity of contamination (EPA, 2000a). 
Conflicts with land use of open space 

areas. 
····-

Monitoring · Soil Gas Periodic Soil Gas Collect and analyze soil gas samples periodically Does not achieve RAOs; does not 
. Monitoring Monitoring to evaluate the potential for vapor intrusion. reduce the toxicity or volume of 

contamination. However, it would be 
effective as a means of monitoring . 

effectiveness of groundwater 
remediation actions. ..... _ ········-···•·"··· ··-

Removal1 Excavation Conventional Excavate soil containing chemicals using Effectively removes contamination and 
and Off-Site Excavation and conventional mechanical equipment; limit to prevents long-term exposure to 
Treatment/ Disposal at depths of less than 1 0 feet bgs. Transport and contamination. May expose workers 
_ Disposal Licensed dispose of soils at a permitted treatment and and environment to chemicals during 

Treatment/ disposal facility. implementation. Uses conventional 
Disposal Facility construction methods and is a proven 

(e.g., RCRA, non- technology. Does not reduce total 
RCRA, LLRW) amount of contamination. 

-
Treatment1 Physical/ Soil Vapor ExtractVOCs from unsaturated zone with Effective in reducing the toxicity, 

Chemical Extraction (with or vacuum pumps; extraction performance can be mobility, and volume of contaminated 
Treatment without thermally enhanced with active volatilization of VOCs in material. EPA presumptive remedy for 

enhanced groundwater (EPA, 1997b). May be used with -voes in unsaturate_d zone. Pilot tests 
recovery) thermal enhancement (e.g., six-phase heating or at Building 406 indicated SVE is 

steam injection) to enhance volatilization of effective for reducing mass of voes in 
chemicals . soil. 
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lmplementabil ity Cost Comments 

Not acceptable to local None Retained 
government or public. Required by NCP. 

Easily implemented. Requires Low Retained 
legal documents and authority Easily implemented and effective, 

to enforce restrictions. usually required to restrict activity 
based on land use. 

.. ... 

.·--- ··~ 

Easily implemented. Requires Low Retained 
legal documents and authority Easily implemented and effective; 

to enforce restrictions. usually required to restrict activity 
.- based on land use. Not 

I 
applicable for use in open space 

areas . 

Easily implemented. Moderate Retained 

Easily implemented; required to 
evaluate effectiveness of other 

process options; moderate cost. 

......... _,. ___ .......... ......... ., ........................... ···········--···--····-········-·····"'' ··············-·-····· 

Easily implemented. Requires Moderate to high, Retained for some COCs 
appropriate permits and waste depending on Effective for non-ubiquitous 

cha racte rizatio n. characterization and metals and PAHs; easily 
Groundwater inflow control for off-site disposal of implemented, permanent remedy; 
excavations below the water ••. 

large volumes of and moderate· to high cost. 
table, radiological screening, material. 

and required large volumes of ' 
clean backfill material could ' 

reduce implementability. 

Moderately implementable. Moderate Retained for some COCs 
Off-gas treatment likely Effective in treating voes; 

required by regulatory agencies effectiveness enhanced when 
for soil vapor. Must meet local implemented with active 
and state requirements for off- volatilization 

gas release and related factors. 

ERRG 



Table 3-9. 

General 
Response 

Action 

Containment 1 

Detailed Evaluation of GRAs and Process Options for Soil and Shoreline Sediment (continued) 
Feasibility StuayReporfforParcel E, Hunters-Pbint-Sliipyard, San·Francisco, California 

Remedial 
Technology 

Type Process Option Description Effectiveness 

Covers Soil Covers Place soil cover over contaminated soil; prevents Effectively prevents direct exposure of 
direct contact with contaminated soil. humans to contamination. 

It is possible this remedy could begin to 
fail over time, but monitoring, regular 
maintenance, and other safeguards 

would minimize this potential risk and 
thereby improve effectiveness. 

Institutional controls would be needed 
with each containment option to protect 

the remedy 

Asphalt or Place an asphalt or concrete cover over Effectively prevents direct exposure of 
Concrete Covers contaminated soil; prevents direct contact with humans to"contamination. 
.. contaminated soil.- - •· -· C•·. • It is possible this remedy could weather 

and crack over _time, but monitoring, 
regular maintenance, and other 
safeguards would minimize this 

potential risk and thereby improve 
effectiveness. 

Institutional coritrols would be needed 
with each containment option to protect 

the remedy 

Engineered Place a soil cover with a geomembrane liner that Effectively preve'nts direct exposure of 
Alternative Caps . is made of ail impermeable, synthetic material; humans to contamination. 

prevents direct contact with contaminated soil An engineered alternative cap would 
and minimizes migration of contamination. Can incorporate a low-permeability layer that 

also include engineered soil caps using clay would minimize water infiltration to the 
instead of synthetic material. contaminated zone. It is possible this 

remedy could begin to fail over time, but 
monitoring, regular maintenance, and 
other safeguards would minimize this 

potential risk and thereby improve 
effectiveness. 

Implementability 

Easily implemented. Planned 
land use prohibits the 

placement of a soil cover over 
the entire site; could be used in 
conjunction with asphalt covers. 

- . 

Easily implemented: Planned 
land use prohibits the 

.... placement of an asphalt cover 
over the entire site; could be 
used in conjunctionwith soil 

covers. 

-

Technology required to 
implement engineered 

alternative caps are readily -
available and implementable. 

An engineered alternative cap 
would be characterized by low 

to moderate degree of 
implementability because of the 

need to promote adequate 
surface drainage by excavating 

certain amounts of soil and 
.. --- ---- - . -- . --=-- ··- --A clay cap.swells andfills any,.voids or~~ _ dej:>ri§ .<?J th_~ ,sJ!eor placing sub-

- capfffi maferiai in other areas, holes when saturated. 

Institutional controls would be needed. and the likelihood that the liner . 

with each containment option to protect would need to be replaced in 

the remedy the future. 
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Cost Comments 

Moderate Retained for areas that are not 
paved or do not require paving to 

achieve planned land uses. 

Effective for metals and PAHs; 
easily and quickly implemented; 

moderate cost per area. 

Moderate Retained for areas that are paved 
or require paving to achieve 

- .,-~ . • : . planned land uses 

Effective for metals and PAHs; 
moderate cost per area. 

• ··-·· -... 
Moderate Retained for areas with elevated 

concentrations of mobile 
chemicals that are not paved or 
do not require paving to achieve 

planned land uses. 

Effective; easy to moderate 
implementability .. 

- - -- =-· ·-
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Detailed Evaluation of GRAs and Process Options for Soil and Shoreline Sediment (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General Remedial 
Response Technology 

Action Type Process Option Description Effectiveness 

Containment1 
Shoreline Rock Revetment2 

Install an erosion control structure consisting of Provides a robust containment structure 
Armoring2 

riprap, large armor units, gabions, articulating to control shoreline erosion 
concrete mats, or engineered concrete structures Short-term·effects cc;iuld be managed 

along the shoreline. through proper cpnstruction techniques 

Inhibits pedestrian access and limits 
shoreline recreation 

Not visually appealing 

·····-········ 

Shoreline Natural Shoreline Place soil to prevent direct exposure to Uncertain effectiveness in reducing 
Stabilization - -- , ·Materials with contaminated shoreline sediment. -instaIT"rbck the offshore wave energy and 

(Hybrid)2 Offshore Reef structure offshore3
, with crest at or below MHHW controlling erosion 

to reduce wave energy, and plant aquatic Construction of offshore reef would 
vegetation to reduce erosion potential. impact exfsting aquatic habitat 

Limits access for shoreline 
recreation 

. .... r•· 

Provides habitat for aquatic wildlife 

Visually appealing 

Natural Shoreline . Place soil to prevent direct exposure to Provides arobust protective structure to 
Materials with contaminated shoreline sediment. Install rock prevent unacceptable shoreline erosion 

Underlying Rock armoring layer Uf')der soil if wave action causes Short-term effects could be managed . 
Armor2 erosion of soil. ·· through proper c0nstruction techniques 

Does not inhibit pedestrian access or 
limit shoreline recreation 

· Visually appealing 

Notes: Only processes and technologies retained for further consideration are included in this table. 

GRA applies to soil only. 

2. Shoreline protection technologies and process options are evaluated in Appendix D. 

Implementability Cost Comments 

Readily implementable Moderate Viable protection option for steep 

Would comply with ARARs and narrow shoreline areas. 

Minor long-term O&M 
Successfully implemented at 
similar shoreline area at HPS 

.. Parcel B (IR Site 07). Revetment 
design may be adjusted to 

incorporate localized, low-profile 
areas where soil and vegetation 

could be placed (for aesthetic 
considerations). 

Construction of offshore reef High Not a viable protection option 
requires ·specialized labor and because of ( 1) uncertain· 

equipment effectiveness in controlling 

Construction of offshore reef erosion potential in intertidal 

may not comply with ARARs shoreline zone, and (2) significant 

Potentially significant long-term 
implementation issues related to 

O&M 
constructing the. offshore reef. 

Readily implementable High Viable protection option for 

Would comply with ARARs gradually sloped and wide 

Potentially significant long-term 
shoreline areas. Stabilization 

option successfully implemented 
O&M 

following removal action at Metal 
Debris Reef in 2007. 

. -·· --- ,. 

3. Offshore reef consisting of rocks is identified as a representative structural element for this hybrid stabilization option; however, alternative stru~ural elements may be proposed that meet the design objectives and provide equal (or superior) performance relative to effectiveness, implementability, 
and cost. Alternative structural elements may use natural materials (such as oyster shells) or may involve placing the structure closer to the shore (such as a near-shore sill). This option was determined to not be a viable protection option for reasons unrelated to the material type and offshore 
location of the reef. 

ARARs = applicable or relevant and appropriate requirements 

bgs = below ground surface 

DTSC = Department of Toxic Substances Control 

EPA= U.S. Environmental Protection Agency 

GRAs = general response actions 

HPS = Hunters Point Shipyard 

Sources: 

LLRW = low-level radioactive waste 

MHHW = meari higher high water · ·

Navy= Department of the Navy 

NCP = National Oil and Hazardous Substances Pollution Contingency Plan 

O&M = operation and maintenance 

PAHs = polycylic aromatic hydrocarbons 

EPA. 1997b. "Analysis of Selected Enhancements for Soil Vapor Extraction." EPA 542-R-97-007. September. 

EPA. 2000a. The Office of Solid Waste and Emergency Response Publication on Land Use Controls. Available Online at: <http://www.epa.gov/oerrpage/superfund/action/ic/guide/index.htm>. 

RAOs = remedial action objectives 

RCRA = Resource Conservation and Recovery Act 

SVE = soil vapor extraction· 

voes = volatile organic compounds 

Navy and DTSC. 2000. "Memorandum of Agreement Between the United States Department of the Navy and the California Department of Toxic Substances Control." Use of model "Covenant to Restrict Use of Property· at installations be
0

ing closed and transferred by the Navy. 
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Table 3-10. Detailed Evaluation of GRAs and Process Options for Groundwater _ 
Feasibility Study Report for Parcel E, Hunters Polnt Shipyard, San Francisco, California 

General Remedial 
Response Action Technology Type Process Option Description 

I 

No Action Not Applicable . Not Applicable No Action 

Institutional Legal Covenants to Restrict Restricts use of parcel through 
Controls Mechanisms Use of Property and_ environmental restrictive covenants that will 

Deed Restrictions run with the land; allows only designated 
land use in accordance with the proposed 

redevelopment plan (EPA, 2000a); includes · 
criteria during and after future development 

- to restrict extraction of groundwater, · 
installation of new groundwater wells, and· 
restrict subsurface intrusive activities that 

might result in or aid the movement of 
contaminated groundwater. 

Engineering Physical Barriers Security Features and Prohibits activities that could spread 
Controls Signs groundwater contamination by requiring 

locked well caps and secured utility access 
covers, and identifying and securing any 

additional conduit where humans or wildlife 
could potentially be exposed to 

groundwater. Requires posted signs and 
locked doors to prohibit occupancy of 
buildings or other enclosures where 

unacceptable risk exists from the vapor 
intrusion pathway. 

Vapor Barrier Sub-Slab Install blowers and vapor collection points 
Depressurization below a building to maintain a negative 

- pressure gradient and prevent vapor 
intrusion. 

- . 

-. 

N:\Projects\2005 Projects125-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\Tables\Table 3-10_rev1 .doc 

ERRG-6011-0000-0006 

Effectiveness Implementability Cost Comments 

Does not achieve RAOs . Not acceptable to local None Retained 
'. 

government or public. Required by NCP. 

lneffectlve in reducing Easily implemented. Requires Low Retained 
contamination. Effective atJimiting legal documents and authority to Easily implemented and 

or preventing exposure of humans to enforce restrictions. , 
effective; usually required 

contamination, especially when used· -
to restrict activity based 

in combination with other options. 
·' 

on land use. 
Does not prevent exposure of marine 

organisms. 

. 

Effective at preventing exposure of Easily implemented. Maintenance Low Retained 
humans to contamination, especially and implementation of engineering Easily implemented and 
when used in combination with other controls during future land use are effective; prevents 
options. Does not prevent exposure controlled through land use exposure to COCs and 

of marine organisms; does not restrictions (below). COECs. 
reduce toxicity or volume of 

contamination. 

' 

Effective at preventing vapor Easily implementable as part of Low for new Retained for new 
intrusion when properly installed and new construction. construction. construction 

operated with new construction. However, for existing construction, ' Effective and low-cost 
extensive investigation into method to minimize vapor 

conditions under the building intrusion only. 
would be necessary to ensure the 

systems are covering the entire 
- foundation and to evaluate utility 

con~uits and other preferential 
pathways. 
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Table 3-10. ------- - - Detailed Evaluation of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Rep-ort forParcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response Action 

Monitoring I 

I 
Treatment 

i 

I 

Remedial 
Technology Type 

Groundwater 
Monitoring 

Passive 

In-Situ Physical 
Treatment 

In-Situ Biological 
Treatment 

Process Option 

Periodic Groundwater 
Monitoring 

Monitored Natural 
Attenuation 

Air Sparging with SVE 

Pneumatic/Hydraulic 
Fracturing 

Anaerobic and Aerobic 
Bioremediation 

Description 

Collect and analyze groundwater samples 
periodically to monitor aquifer hydraulics 

and chemistry and variations in groundwater 
contamination. Chemicals are identified for 

detection monitoring and evaluation 
monitoring programs. 

Allow chemicals to naturally attenuate via 
biodegradation, dispersion, dilution, or 

adsorption. Requires monitoring to assess 
recovery rates and success. 

Inject air into the bottom of a saturated zone 
to strip VOCs from groundwater. Extract 

VOCs from the unsaturated zone with SVE. 

Inject air and water under pressure into soil 
to enhance permeability by developing 

cracks i_n low-permeability and consolidated 
sediments to increase removal efficiency. 

Used as part of injection processes (e.g., in 
situ bioremediation, ZVI). 

Effectiveness 

Does not achieve RAOs; does not 
reduce the toxicity or volume of 

contamination. However, it would be 
effective as a means of monitoring 

effectiveness of groundwater 
remediation actions. 

Effective as a polishing step 
following 

in-situ treatment at source areas. 
Not likely to be effective without 

remediation at source areas. Would 
reduce toxicity and volume of 

chemicals over time. 

Would require pilot testing to verify 
effectiveness. Stratification of fill 

material could be an issue. Vapors 
must be extracted and treated. May 
cause aerobic subsurface conditions 

that could limit the natural 
degradation of chemicals. Generally 

more applicable to the lighter 
gasolin~ constituents, because they 
readily transfer from the dissolved to 

the gaseous phase. 

Fracturing of the subsurface to 
increase permeability, enhances the 
distribution of treatment solutions. 

Introduce amendments to groundwater in Effective for reduction of volume, 
areas where chlorinated solvents are ; mobility, and toxicity of some fuel 

- -l:irefsenno-enhance-biodegradatioliof'-"~~: - hydrocaroons-arid"\1OCs.- Not~~_· 
chiorinated voes. Amendments include .! effective for extremely high 

electron donors, electron receptors, concentrations. 
nutrients, and microorganisms, if necessary. 

Requires monitoring to assess program 
(FRTR, 2005). 
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Implementability 

Easily implemented. 

Readily implementable; however, 
this option usually requires 
modeling and evaluation of 

chemical degradation rates and 
pathways, identifying plume 

behavior, and predicting chemical 
concentrations at downgradient 

receptor points. 

Easily implementable. An 
extended timeframe could be 

required to meet RAOs. Would 
require implementation of 

associated vapor extraction and 
treatment system. 

Implementability demonstrated by 
treatability studies at Parcel C. 

Easily implemented. 

l 

Cost 

Moderate 

Low capital cost. 

O&M costs could be 
high depending on 

frequency and 
duration of monitoring 

period. 

Moderate capital cost. 
Moderate O&M cost 

assuming 
effectiveness in a 

reasonable timeframe 
(i.e., approximately 

5 years). 

Low. Injection 
equipment required 

by retained 
technologies. 

Moderate capital cost. 
Extensive 

-- contamination~at -
Parcel E drive costs a 
little higher, than they 

would be at a site 
with a less complex 

contaminant 
distribution. Low 
O&M cost. No 

removal or handling 
of groundwater costs. 

Comments 

Retained 

Easily implemented; 
required to evaluate 

effectiveness of other 
process options; 
moderate cost. 

Retained for use as a 
component of remedial 

alternatives 

Periodic monitoring can 
be readily implemented; 

low capital cost. 

Retained 

Easily implemented in 
conjunction with SVE; 

improves effectiveness of 
SVE at reducing VOC 
mass in groundwater. 

Retained 

Effective at enhancing 
distribution of reagents; 

low cost. 

Retained 

Effective for voes at 
~-~ ---mo·aeratEito-row-- --• -= 

concentrations; easily 
implemented; moderate 
cost; low O&M costs; 

requires monitoring, but 
treatment should reduce 

long-term monitoring 
effort. 

~~~,~-
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Table 3-10. Detailed Evaluation of GRAs and Process Options for Groundwater (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco,-Califorhia 

General Remedial 
Response Action Technology Type Process Option Description 

Treatment In-Situ Chemical Chemical. Reduction: Inject ZVI into an aquifer to encourage 
(continued) Groundwater ZVI Injection enhanced reductive dechlorination of 

Treatment chlorinated voes. 

: -
Containment Physical and 

! 

Slurry or Install slurry or sheet-pile walls below 
Hydraulic Sheet-Pile Wall (with ground to contain, capture, or redirect 
Barriers groundwater extraction groundwater flow. Can be used to decrease 

-wells, if necessaryJ the groundwater flow gradient and 
consequently increase the residence time 

during which chemical concentrations would 
be reduced through physical, chemical, and 

biological processes. Where needed, 
groundwater extraction wells might be used 
behind a wall to further mitigate migration 
(e.g., at a landfill where landfill leachate 

poses an unacceptable risk to downgradient 

l. receptors). 

Notes: Only processes and technologies retained for further consideration are included in this table. 

FRTR = Federal Remediation Technologies Roundtable 

GRAs = general response· actions 

HPS = Hunters Point Shipyard 

IR= Installation Restoration 

NAPL = nonaqueous-phase liquid 

NCP = National Oil and Hazardous Substances Pollution Contingency Plan 

Sources: 

! 

Effectiveness Implementability 

Effective for reduction of volume, Easily implementable. 
mobility, and toxicity of voes. 

Proven technology. Treatability 
study of ZVI injection at Parcel C 

resulted in mass reduction of about 
99.2 percent of chlorinated voes 

within the treatment zone. Effective, 
if reaucirig agent is delivered 

successfully in tight soil. 

Vertical barriers can effectively Installing a new slurry or sheet-
control migration of contaminated pile wall in Parcel E would be 
groundwat~r. The effectiveness of challenging to implement due to 

steel sheet-pile walls may be subsurface conditions; however, 
affected-by corrosion; these effects pre-design investigations to 
can be mitigated through installation identify subsurface obstructions in 

and use of a cathodic protection 
system. Vertical barriers do not 
reduce exposure from the vapor 

· .intrusion pathway. 

O&M = operation and maintenance · 

RAOs = remediation· action objectives 

Shaw= Shaw Environmental, Inc. 

SVE = ·soil vapor extraction 

VOCs = volatile organic compounds 

ZVI = zero-valent iron 

advance would increase 
implementability. 

FRTR. 2005. Federal Remediation Technologies Roundtable Website. Accessed in January 2008. Available Online at: <http://www.frtr.gov>. 

,. 

Cost Comments 

Moderate to high Retained 

' 
capital cost. Low Highly effective for voes; • · 

O&M cost,. most efficient at high 
concentrations; 

implementable as a fast-
reacting remedy; 

moderate to high success 
in pilot tests at HPS; high 
implementation costs with 
low O&M costs; requires 
monitoring, but treatment 

should reduce · 
long-term monitoring 

effort. 

I Moderate to high. Retained 

Effective in containing 
chemicals in 
groundwater; 

implemented successfully 
at HPS in the past, 

moderate to high cost. 

.. 

' 

Shaw and others. 2005. "In Situ Anaerobic and Aerobic Bioremediation of a Mixed Chlorinated Organic Plume at the Hunters Point Shipyard." D. Leigh; B. Porter, W. Schaal, G. Christensen, G.P. Brooks. In Situ and On Site Bioremediation. The 8th International Symposium. Baltimore, Maryland. June . 
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Table 3-11. 

General 
Response 

Action 

Detailed Evaluation of GRAs and Process Options for NAPL at IR-03 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

i 

Remedial 
Technology I Process Option Description Effectiveness . Implementability 

NAPL PROCESS OPTIONS 

No action None None · No further response actions. ·Ineffective in reducing contamination. No action required. 
Would not prevent public access or 

exposure to site contaminants. 

Institutional Legal Covenants to Restricts use of parcel through Ineffective in reducing contamination. Easily implemented. Requires legal 
Controls -· Mechanisms RestricfUse of environmental restrictive covenants Effective at limiting or preventing documents and authority to enforce 

Property and that will run with the land; allows only exposure of humans to contamination, restrictions. 
Deed designated land use in accordance especially when used in combination 

Restrictions with the proposed redevelopment with other options. Does not prevent 
plan (EPA, 2000a); includes criteria 
during and after future development 

exposure of aquatic wild_life. 

•··•···-•--· ·,:• .. to restrict extraction of groundwater, . .. 

installation of new groundwater 
wells, and restrict subsurface 

intrusive activities that might result in 
or aid the movement of 

contaminated groundwater. 

Engineering Physical Security Prohibits activities that could-spread Effective at preventing exposure of Easily implemented. Maintenance and 
Controls Barriers Features and groundwater contamination by humans to contamination, especially implementation of engineering controls 

Signs requiring locked well caps and when used in combination with other during future land use are controlled 
secured utility access covers, and options. Does not prevent exposure of through land use restrictions (below). 

identifying and securing any marine organisms; does not reduc.e 
additional conduit where potential toxicity or volume of contamination. 

.. humans and wildlife could be 
exposed to groundwater and NAPL. 

Monitoring Groundwater Periodic Collect and analyze groundwater As a stand-alone technology, Readily implementable as 
Monitoring Groundwater samples periodically to monitor groundwater sampling and analysis demonstrated by previous and current 

Monitoring variations in aquifer chemistry and would ncit be effective at reducing the monitoring programs. 
hydraulics and changes in mass, volume, or toxicity of groundwater 

groundwater contamination. contamination. However, it is an 
effective means of monitoring the 

-. effectiveness of groundwater 
remediation actions. 

·····-·-········-··· ... 
Removal Physical Liquid-Phase Recover NAPL to the maximur:n Prior efforts to remove NAPL through Extraction by traditional pumping is 

Extraction Pumping extent practicable through either pumping were largely unsuccessful due implementable, but may result in large 
traditional pumping techniques .. to the high viscosity of the NAPL volumes of groundwater requiring 

material. Combining this approach with treatment. 
t~ermal treatment may increase the 

' effectiveness of this tecl]nology but could 

I 
create vapors not captured by the 

' 
pumping. 
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Cost Conclusion 

No direct costs. Retained 

No action as required by NCP. 

Low Retained 

Easily implemented and· 
effective; usually required to 
restrict activity based on land 

use. 

.. -·- ·• 

Low Retained 

Easily implemented and 
effective; prevents exposure to 
COCs and COECs; low cost. 

-

Low capital cost. Moderate Retained 
annual O&M cost. Easily implemented; effective for 

all COCs; low cost. 

I Moderate capital and O&M Eliminated 
costs. The need to treat Potentially effective only when 

excessive amounts of combined with thermal 
groundwater could result in high treatment, but liquid-phase 

O&M costs. Combining this pumping would not effectively 
approach with thermal capture vapors created during 
treatment significantly heating process. 

increases the cost. 

ERRG 



Table 3-11. 

General 
Response 

Action 

Detailed Evaluation ofGRAs and Process Options for NAPL at IR-03 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology Process OpHon Description Effectiveness Implementability 

NAPL PROCESS OPTIONS (continued) 

Removal Physical Dual-Phase Use vacuum pumps to remove OPE can be effective in removing NAPL Extraction by DPE is implementable, 
(cont.) Extraction Extraction various combinations of from the subsurface, and can also but may result in large volumes of 

(cont.) contaminated groundwater, separate stimulate biodegradation of petroleum groundwater and vapor requiring 
phase petroleum product, and constituents in the unsaturated zone by treatment. 
hydrocarbon vapor from the increasing the supply of oxygen. 

subsurface. Extracted liquids and Combining this approach with thermal 
vapor are collected and treated. treatment may increase the effectiveness 

of this technology. 

Thermally Use hot water injection, electrical Thermally enhanced extraction is a Implementation would be moderately 
Enhanced resistive heating,. thermal conductive proven technology used in the treatment difficult because of specialized 

·~- - •- Extraction by heating, or steam injection to of NAPL. The site-specific conditions at equipment and significant power 
Hot Water decrease viscosity of NAPL, IR-03 (most notably the thick viscous demand required for these options. 
Injection, potentially increasing its mobility for product) may limit the effectiveness of Bench-scale or pilot-scale studies 
Electrical removal (via extraction). this technology. Bench-scale or pilot- would be needed to better understand 
Resistive scale studies would be needed to better the implementability of these 
Heating, understand its potential effectiveness. technologies. 
Thermal 

Conductive 
Heating, or 

Steam Injection 

Treatment and Treat extracted NAPL, groundwater, Filtration, precipitation, and adsorption These treatment technologies are 
Off-Site and vapor prior to disposal. could effectively remove some of the commonly used in groundwater . 

Di$posal of Depending on the.POTW facility groundwater chemicals present at IR-03. treatment and would be readily 
Extracted NAPU pretreatment requirements and other Discharge to a POTW facility is an implementable. 

Groundwater potential regulatory issues, extracted effective means of disposing untreated Filtration and precipitation would 
groundwater can be conveyed and groundwater. A permit fee would likely create a sludge materiai containing the 

discharged to a POTW facility. be required from the local POTW facility chemicals, which would need to be 
for discharge of the extracted water .. disposed of in an off-site disposal 

facility. Adsorption would also 
generate spent activated carbon 

media, which would need to be either 
- --- - -- ·---- -~~-regenerated.otdisposed. 

- - Discharg~ t9 a_ P97Y'{ f~.s;iHty w_c,uld __ ~e 
feasible if concentrations in the waste 

stream from extracted groundwater are 
below RCRA criteria, and if a 

connection to a POTW facility that is 
capable of treating COCs at IR-03 is 

identified nearby. 
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Cost Conclusion 

Moderate capital and O&M Retained 
costs. The need to treat Potentially effective when 

excessive amounts of. combined with thermal 
groundwater and vapor could treatment. 

result in high O&M costs. 
Combining this approach with 
thermal treatment significantly 

increases the cost. 

High. These technologies are Retained 
generally considered to be May improve effectiveness in 

capital- and energy-intensive. recovering viscous NAPL source 
areas using standard extraction 

techniques. Bench-scale or 
pilot-scale studies would be 

needed to-better understand its 
effectiveness and 

implementability. Moderate 
capital cost; moderate to high 
operational.cost due to energy • consumption. 

These ex-situ technologies Retained 
would have relatively high 

High effectiveness and annual O&M costs. In addition, 
implementability. groundwater extraction for 

hydraulic containment could be 
required for a long duration, 
making this option less cost-
effective compared with other 

options. 
Conveyance structures would 
.need to be constructed and 
administrative requirements 

- .,._ 
- ~--""c = -· 

would need to be met for a 
- -aiscnargerro·a POTWlactltty. ·-· 

Capital and O&M costs would 
be low to moderate. 

-

• 



:-· ·_ Table3-11. 

General 
Response 

Action 

Detailed Evaluation of GRAs and Process Options for NAPL at IR-03 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology Process Option Description Effectiveness Implementability 

NAPL PROCESS OPTIONS (continued) 

Removal Physical Excavation Remove contaminated material with Excavation would be applicable to the Implementability would be limited by 
(cont.) Extraction heavy equipment. Excavated soil complete range of chemical groups, with (1) the generation of fugitive emissions 

(cont.) could be stockpiled on site for no particular target group. However, during operations and (2) depth and 
treatment, or transported to a excavation must be performed in composition of the media requiring 

. ·-··-- Rermitted eff-site-tFeatmem and .. CGRjunctior:i.with.eitl:ler.offssite .disposal .. excavation, Ex_c~yQjiQ0$ t;ie:to-w the 
disposal facility. or ex-situ treatment to prevent exposure water table would be less 

to humans and wildlife. implementable than shallower . 
excavations due to the added 

complexities of dewatering and water 
treatment. 

.... I-- • ••.•· .... _. Off-Site Collect and transport s01I-to an Off-site disposal would be applicable to Excavation and off-site disposal are 
Disposal of aP,propriate treatment, storage, or the complete range of chemical groups, commonly used in soil treatment and 
Excavated disposal facility. Disposal of soil with rio particular target group. The would be readily implementable for 
NAPL/ Soil would involve constructing on-site effectiveness would be moderate, as small to moderate volumes. Soil 

staging area from Which soil would excavation will be performed in saturated with either water or NAPL 
be transferred to trucks and conjunction with off-site disposal, where would require processing (phase 

transported to an off-site facility. the effectiveness of the facility to prevent separation or stabilization) prior to off-

..• exposure to humans and wildlife cannot site disposal. May be difficult to 
. ' . - ·- .. be directly controlled or monitored. · implement for large treatment volumes 

because of limited on-site area 
available for material stc;1ging and 

characterization. 

I 
Treatment Solidification/ In-Situ Mixing Mix one or more reagents directly Effectiveness relies on homogenous Mechanical equipment for in-situ 

Stabilization into the contaminated soil/NAPL with mixing of reagents with the contaminated mixing is readily available. Mixing 
mechanical equipment Reagents soil and NAPL; homogeneous mixing process would require controls 
include stabilizing agents (such as may be difficult to achieve in shoreline (including capture, treatment, and 
cement or bentonite), and reactive areas containing large debris.· Bench- disposal) for.air and liquid residuals; 

agents (such as chemical oxidants). scale or pilot-scale studies would be these controls may be moderately 
required to identify the appropriate difficult to implement given the range 

' 
reagent(s) to solidify and stabilize the of organic, inorganic, and radiological 

contaminated soil and NAPL. If contaminants at the site. Mixing 
designed and implemented process may be difficult to implement 

appropriately, technology would be in shoreline areas containing large 
capable of preventing migration of NAPL debris, Administrative implementability 

to San Francisco Bay (in accordance may be challenging if technology is not 
with the RAOs). implemented in combination with other 

'technologies that seek to remove the 
NAPL source to the extent practicable 

. 

(consistent with Water Board guidance 
for closure of low-risk fuel sites in the 

San Francisco Bay Region 

• [Water Board, 1996)) . 
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Cost Conclusion 

I Excavation costs would include . Retained 
equipment and labor. Effective if used in combination 

Additional costs could include with ex-situ treatment or off-site 
on-site storage tacilities and soil disposal options. 

characterization. Overall 
capitaT cosfi=iwouMbe hlgti. -

; 

i 

Costs for off-si_te disposal could Retained 
range from moderate to very Highly effective; off-site disposal 

high, depending on the _volume could be used for disposal of 
of soil required for disposal and small volumes of process 

its chemical characteristics. residuals or areas with extensive i 
NAPL. May not be practical for 

large treatment volumes 
because of implementation 

. challenges (limited on-site area 
for staging) and high capital 

I cost; these constraints may be 
less significant if ex-situ 

treatment volume is minimized. 

Capital costs for in-situ mixing Retained 
would be moderate to high, . Capable of reliably achieving 
depending on the treatment RAOs with readily available 

volume. O&Mcosts would be equipment. Bench-scale or pilot-
low because m_inimal long-term scale studies would be needed 
management ,of groundwater to identify the appropriate 

would be needed for the reagent(s). Moderate to high 
stabilized waste (which would capital cost; low O&M costs. 

have a low hydraulic 
conductivity). 

., 
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General 
Response 

Action 

Detailed Evaluation c>f"GRAs arid Process-0ptions 0 for-NAPl=-at IR-O3 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

! 

Remedial 
Technology Process Option Description Effectiveness Implementability 

NAPL PROCESS OPTIONS (continued) 

Treatment Solidification/ Ex-Situ Mixing 
; 

Excavate contaminated soil and Ex-situ mixing would be effective Mechanical equipment for excavation 
(cont.) Stabilization NAPL, transport to on-site location, because homogenous mixing could be and ex-situ mixing is readily available. 

(cont.) and spread in layers. Mix a binding controlled and monitored. Bench-scale Mixing process would require controls 
reagent irito the soil/NAPL with or pilot-scale studies would be required for liquid residuals; these controls may 
·. mechanical equipment and to identify the appropriate reagent(s) to be moderately difficult to implement 

transport/place stabilized material in solidify and stabilize the contaminated given the range of organic, inorganic, 
excavation. soil and NAPL If designed and and radiological contaminants at the 

implemented appropriately, technology site. Air emissions would require 
.. would be capable of preventing migration monitoring but could not be effectively 

of NAPL to San Francisco Bay (in captured and treated. May be difficult 
accordance with the RAOs). to implement for large treatment 

- . . -· -- -- -.~-- ·- - - -- - --~ volumes because of limited on-site 
area available for material processing. 
Administrative implementability may be 

challenging if technology is not 

' 
implemented in combination with other 
technologies that seek to remove the 

NAPL source to the extent practicable. 

Containment Covering and Soil Cover or Isolate contaminated soil and buried Cover/cap of suitable thickness would be Technology required to implement soil 
Capping Engineered debris from potential humans or effective to prevent direct exposure to covers and engineered alternative 

Alternative Cap wildlife at the site using a soil cover underlying contaminated soil or debris. caps are readily available and easily 
or engineered alternative cap. An Monitoring, regular maintenance; and implementable. 
engineered alternative cap would institutional controls would be performed 

incorporate a low-permeability layer to ensure its effectiveness. 
that would minimize water infiltration 

to the contaminated zone. 

Hydraulic Slurry or Install slurry or sheet-pile walls Vertical barriers can effectively control Installing a new slurry or sheet-pile 
Barriers Sheet-Pile Wall _ below the ground to contain, migration of NAPL and associated wall at this site would be challenging to 

capture, or redirect groundwater flow contaminated groundwater. Hydraulic implement due to the subsurface 
in the vicinity of IR-03. gradient between the wall would need to conditions at IR-03 and short distance 

be monitored and managed to remain from the shoreline; however·, pre-
- within acceptable limits; water design investigations to identify 

managemenl could"indude -extractioh subsurfacffobstructions in-advance 
- arn:l-t-raatmar:it,or ~.f'.lsta llaUon of-an. could imprm,e implementatioo. 

upgradient flow diversion structure. A 
sheet-pile wall was installed (in 1998) 

along the southern edge of the former oil 
reclamation ponds; the existing wall does 
not have cathodic protection, and would -·· ,· 

not be an effective component of a future 
remedial action. 
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Cost Conclusion 

Capital costs for ex-situ Retained 
solidification and stabilization 

Capable of reliably achieving would be high because of the 
labor intensive process of RAOs with readily available 

excavation, transportation, 
equipment. Bench-scale or pilot-
scale studies would be needed 

mixing, and backfilling. High 
to identify the appropriate 

costs could be moderated if ex-
reagent(s). May not be practical 

situ treatment volume is 
minimized. O&M costs would 

for large treatment volumes 

be low because minimal long-
because of implementation 

challenges (limited on-site area 
term management of 

for mixing) and high capital cost; 
grouodwaterwould be needed 

these constraints may be less- ·• 

for the stabilized waste (which 
significant if ex-situ treatment would have a low hydraulic 

volume is minimized. 
conductivity). 

Low to moderate capital and Retained 
O&M costs Easily implemented; a low-

permeability geosynthetic clay 
cap was installed over the 
surface of IR-03 in 1997; 

effective in eliminating exposure; 
low to moderate cost. 

Moderate to High Retained 

Effective in containing NAPL and 
groundwater contaminants. May 
be difficult to implement close to 
shoreline and may require pre-

-~ design investigations; moderate 
-to tiigti-cost. . . . 

- -· 

I 



• 

• 

Table 3-11. Detailed Evaluation of GRAs and Process Options for NAPL at IR-03 (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

··-· 

General 
Response 

Action 

In-Situ 
Treatment 

Notes: 

; 

Remedial. 
Technology 

Thermal 
Treatment 

Biological 
Tre~tment 

Passive 

COCs = chemicals of concern 

OPE = dual-phase extraction 

ERH = electrical resistive heating 

IR = Installation Restoration 

ISCO = in-situ chemical oxidaiion 

NAPL = nonaqueous-phase liquid 

Navy= Department of the Navy 

i 

Process Option 

Thermal 
Treatment by 

Electrical 
Resistive 
Heatin.g, 
Thermal. 

Conductive 
Heating, or 

Steam Injection 

Anaerobic and 
Aerobic 

Bioremediation 

Monitored : 

Natural 
Attenuation 

: 

Description Effectiveness Implementability 

ADDITIONAL OPTIONS TO ADDRESS GROUNDWATER ASSOCIATED WITH NAPL 

l:Jse electrical resistive heating, 
thermal conductive heating, or steam 

injection to vaporize VOCs and 
: SVOCs in groundwater. The 
: . vaporized cbernicalS. are .. 
. subsequently captured using 
vacuum extraction (e.g., SVE). 

; 

I Introduce amendments to 
groundwater in areas where 

chlorinated solvents are present to 
enhance biodegradation of 

chlorinated voes. Amendments 
include electron donors, electron 

receptors, nutrients, and 
microorganisms, if necessary. 
Requires monitoring to assess 

program (FRTR, 2005). 

Allow chemicals to naturally 
· attenuate via biodegradation, 

dispersion, dilution, or adsorption. 
Requires monitoring to assess 
recovery rates and success. 

Potentially effective but site-specific Implementation would be moderately 
treatability studies would be necessary to difficult because of specialized 
determine the viability of ERH, TCH, and equipment and significant power 

steam injection to cost-effectively demand required for these options. 
achieYe..the necessary temperatures _to -~~nch-scale or pilot-scalestu~i~s 

vaporize voes and SVOCs in would be needed to better understand 
groundwater (following NAPL removal). the implementability of these 
Heat loss through high groundwater flow technologies. Implementation 

velocities would need to be con.trolled challenges also include the effective 
through some form of conta~ninent capture and treatment of potentially 

(slurry wall, etc.). .· high volumes of vapor: 

Potentially effective for treating residual Easily implemented. 
-fuel hydrocarbons and voes following 

NAPL source removal/treatment. 

' - . 
,. 

' . •· 
Effective as a polishing step following Readily implementable; option would 
in-~itu treatment at high concentration requires evaluation of chemical 

areas. Not likely to be. effective without degradation rates and pathways. 
remediation of high concentration areas. 

.. 

· /_POTW = publicly owned treatment works 

"RAOs = remedial action objectives 

.. RCRA = Resource Conservation and Recovery Act 

· SVE = soil vapor extraction 

SVOCs = semivolatile organic compounds 

TCH = thermal conductive heating 

voes= volatile organic compounds 

Cost 

I 
High. These technologies are 
. generally considered to be 

capital- and energy-intensive. 
Additional capital cost of 
heating to temperatures .. 
. capabfe of volatilizing 

chemicals would be moderate if 
implemented in conjunction with 

thermally-enhanced NAPL 
extraction. 

Moderate capital cost. Low 
O&M cost. 

,·,~. 
, 
l 

Low capital cost. 

Low O&M costs. 
•. 

NCP = National Oil and Hazardous Substances Pollution Contingency Plan 

O&M = operation and maintenance . 
Water Board = San Francisco Regional Water Quality Control Board 

Sources: 

FRTR. 2005. Federal Remediation Technologies Roundtable Website. Accessed in January 2008. Available Online at: <http://www.frtr.gov>. 

Conclusion 

Retained 

Potentially effective at treating 
organic compounds in 

.-:.;_ 

groundwater. Bench-scale or 
. pilat=scale studies would q_e _ 
needed to better understand its 

effectiveness and 
implementability. Moderate 

capital cost; moderate to high 
operational cost due to energy 

consumption. 

Retained 

Potentially effective for treating 
residual fuel hydrocarbons and 
voes following NAPL source 

removal/treatment; easily 
implemented at moderate cost. . 

' . . 

Retained 

Effective as a polishing step; 
readily implementable and low 

cost. 

Shaw Environmental, Inc. and others. 2005. "In Situ Anaerobic and Aerobic Bioremediation of a Mixed Chlorinated Organic Plume at the Hunters Point Shipyard." D. Leigh, B. Porter, W. Schaal, G. Christensen, G:P: Brooks. In Situ and On Site Bioremediation. The 8th International Symposium. Baltimore, 
Maryland. June. 

San Francisco Regional Water Quality Control Board (Water. Board), 1996, "Regional Board Supplemental Instruction to State Water Board, December 8, 1995, Interim Guidance on Required Cleanup at Low-Risk_ Fuel Sites." January 5 . 
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Table 3-12. Performance Standards for Covers 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Proposed Locations Narrative Performance 
Cover Type Conceptual Design1 (Redevelopment Blocks)1 Standards1•2 

Soil Covers Placement of 2-foot- EOS-1, EOS-2, EOS-3, • Prevent human · • 
thick soil cover to EOS-4, EOS-5A, EOS-58, exposure to · 

prevent direct contact and EOS-5C4 contaminated soil. 
with contaminated • Maintain to minimize 

soil. breakage, erosion, or • 
Full coverage of deterioration. 

redevelopment block • Integrate with shoreline 
is required due to the protection features, as 

presence of appropriate. • ubiquitous metals 
that pose a risk to 

humans. • 

- • 

• 

.. 
• 

• 
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·• 
Pertinent ARARs1,3 

Final cover requirement to accommodate lateral 
and vertical shear forces generated by the 
maximum credible earthquake at Cal. Code 
Regs. tit. 22, § 66264.31 0(a)(5). 

Final cover maintenance requirements and final 
cover run-on ·and runoff controls contained in 
Cal. Code Regs. tit. 22, § 66264.310(b)(1) and 
(4). 

Survey benchmark maintenance required in Cal. 
Code Regs. tit. 22, § 66264.310(b)(5). 

Permanent monument requirements at Cal. 
Code Regs. tit. 27, § 20950(d) · 

· Erosion and related damage prevention 
requirements at Cal. Code Regs. tit. 27, § 
21090(c)(4) 

Aerial photographic survey, or alternative 
survey, requirements at Cal. Code Regs. tit. 27,. 
§ 21090(e)(1) and (e)(3) 

Final cover and alternative final cover standards 
at Cal. Code Regs. tit. 27, § 21140(a) and (b) 

Final slope requirements at Cal. Code Regs. tit. 
27, § 21145(a) 

Drainage and erosion control system 
requirements at Cal. Code Regs. tit. 27, § 
21150(a) 

--•-,,, 
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Table 3-12. Performance Standards for Covers (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Proposed Locations Narrative Performance 
Cover Type Conceptual Design1 (Redevelopment Blocks)1 Standards1,2 Pertinent ARARs1,3 

- -- --~--'-- - "--'---~ --•a --.- ----- --

Asphalt or Placement of new MU-1, MU-2, and MU-3 • Prevent human • Final cover requirement to accommodate lateral 
Concrete asphalt cover5 or exposure to and vertical shear forces generated by the 
Covers repair of existing contaminated soil. maximum credible earthquake at Cal. Code 

asphalUconcrete • Maintain to minimize Regs. tit. 22, § 66.264.31 0(a)(5). 
covers6 to prevent breakage, erosion, or • Final cover maintenance requirements and final 
direct contact with deterioration. cover run-on and runoff controls contained in 
contaminated soil. Cal. Code Regs. tit. 22, § 66264.310(b)(1) and • Integrate with shoreline 
Full coverage of protection features, as (4). 

redevelopment block appropriate. • Survey benchmark maintenance required in Cal. 
is required due to the Code Regs. tit. 22, § 66264.31 0(b )(5). 

presence of 
ubiquitous metals • Permanent monument requirements at Cal. 

that pose a risk to Code Regs. tit. 27, § 20950(d) 

humans. - Erosion and related damage prevention • 
requirements at Cal. Code Regs. tit. 27, § 
21090(c)(4) 

• Aerial photographic survey, or alternative 
survey, requirements at Cal. Code Regs. tit. 27, 
§ 21090(e)(1) and (e)(3) 

• Final cover and alternative final cover standards 
at Cal. Code Regs. tit. 27, § 21140(a) and (b) 

• Final slope requirements at Cal. Code Regs. tit. 
27, § 21145(a) 

• Drainage and erosion control system 
requirements at Cal. Code Regs. tit. 27, § 
21150(a) 
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Table 3-12. Performance Standards for Covers (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California · 

Proposed Locations Narrative Performance 
Cover Type Conceptual Design1 (Redevelopment Blocks)1 Standards1,2 Pertinent ARARs1,3 

Engineered Place a soil cover Portions of EOS-1 • Prevent human • Final cover requirement to accommodate lateral 
Alternative with a geomembrane (IR-02 Northwest)and exposure to and vertical shear forces generated by the 

Caps liner that is made of EOS-3 (IR-03) contaminated soil. maximum credible earthquake at Cal. Code 
an impermeable, • Promote positive Regs. tit. 22, § 66264.31 0(a)(5). 

synthetic material to drainage to minimize • Final cover maintenance requirements and final 
prevent direct contact erosion and prevent cover run-on and runoff controls contained in 

with contaminated standing water. Cal. Code Regs. tit. 22, § 66264.310(b)(1) and 
soil and minimize 

migration of • Maintain to minimize (4). 

contamination. breakage, erosion, or • Survey benchmark maintenance required in Cal. 
deterioration. Code Regs. tit. 22, § 66264.310(b)(5). 

• Integrate with shoreline • Permanent monument requirements at Cal. 
protection features, as Code Regs. tit. 27, § 20950(d) 
appropriate. • Final cover design, grading, and maintenance 

• Minimize infiltration . requirements at Cal. Code Regs. tit. 27, 
§ 21090(b)(1) 

• Erosion and related damage prevention 
requirements at Cal. Code Regs. tit. 27, § 
21090(c)(4) 

• Aerial photographic survey, or alternative 
survey, requirements at CaL Code Regs. tit. 27, 
§ 21090(e)(1) and (e)(3) 

• Final cover and alternative final cover standards· 
at Cal. Code Regs. tit. 27, § 21140(a) and (b) .. Final slope requirements at Cal. Code Regs. tit. 
27, § 21145(a) 

• Drainage and erosion control system 
requirements at Cal. Code Regs. tit. 27, § 
21150(a) 
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Table 3-12. Performance Standards for Covers (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Proposed Locations Narrative Performance 
Cover Type Conceptual Design1 (Redevelopment Blocks)1 Standards1,2 Pertinent ARARs1,3 

-- --- . - - c- ------

Engineered (see above) (see above) (see above) • Compaction requirements prior to cover 
Alternative installation at Cal. Code Regs. tit. 22, § 

Caps 66264.228(e)(1 ). 
(cont.) • Post-closure water entry requirement to prevent 

the downward entry of water throughout a 
period of at least 100 years at Cal. Code Regs. 
tit. 22, § 66264.31 0(a)(1 ): 

• Leachate collection and removal requirements 
at Cal. Code Regs. tit. 22, § 66264.310(b)(2) 
and Cal. Code Regs. tit 27, § 21160(a) and (c), 
if needed based on results of groundwater 
monitoring. 

• Capping permeability requirements at Cal. Code 
Regs. tit. 27, §§ 20320 (c) and (d). 

• Erosion control requirements at Cal. Code 
Regs. tit. 27, §§ 20365(c) and (d) and 
21090(c)(4). 

• Post-closure maintenance period shall extend 
as long as the wastes pose a threat to water 
quality at Cal. Code Regs. tit. 27, §§ 20950(a), 
and no less than 30 years per Cal. Code Regs. 
tit. 27, § 21180(a). 

• Foundation layer requirement at Cal. Code 
Regs. tit. 27, § 21090(a)(1). 

• Erosion-resistant layer requirement at Cal. Code 
Regs. tit. 27, § 21090(a)(3). 

• Final grading requirements at Cal. Code Regs . 
tit. 27, § 21142(a). 
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Table 3-12. Performance Standards for Covers (continued) . 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Notes: 

1. Conceptual design and proposed locations would be refined, as appropriate, in .the RD; however, the identified performance standards and pertinent ARARs would not change. 

2. Narrative performance standards are based on identified RAOs and ARARs. 

3. Pertinent ARARs relate to design standards for covers. All ARARs for covers ·are identifie,d in Section 3.2.3 and evaluated in Appendix B. 

4. Portions of EOS-1 and EOS-3 to be covered by engineered alternative cap to minimize infiltration (at areas within IR-02 Northwest and IR-03) 

5. New asphalt covers be at least 6-inches thick (consisting of a minimum of 4-inches of aggregate base material and 2-inches of asphalt paving) 

6. Existing asphalt and concrete covers will be inspected during the RD and-appropriate repairs will be identified in.the design basis report. 

ARARs = applicable or relevant and appropriate requirements 

Cal. Code Regs. = California Code of Regulations 

IR = Installation Restoration 

RAO = remedial action objectives 

RD = remedial design 

tit. =Title 

§=Section 
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• 
Section 4.· Development and Description of 

Remedial Alternatives 

This section presents remedial. alternatives developed for soil and shoreline sediment, groundwater, and 

NAPV at Parcel E based on the technologies and process options retained in Section 3. The NCP states 

that development and evaluation of remedial alternatives will reflect the scope and complexity of the 

response actions under consideration concerning the environmental issues defined at the site. The number 

and types of alternatives to be analyzed were identified by considering the scope and characteristics of 

environmental issues at Parcel E. 

4.1. DEVELOPMENT OF REMEDIAL ALTERNATIVES 

Technologies and process options were developed and screened as described in Section 3. The retained 

process options were combined into remedial alternatives to meet RAOs and to satisfy ARARs. The 

remedial alternatives were derived using experience and engineering judgment to formulate process 

options into the most plausible site-specific response actions. The alternatives developed for further 

• analysis for soil an~ shoreline sediment, groundwater, and NAPL are presented in the following sections. 

• 

4.2. DESCRIPTION OF SOIL AND SHORELINE SEDIMENT REMEDIAL ALTERNATIVES 

Soil and shoreline sediment at Parcel E present a potential unacceptable risk to human health under the 

planned reuse scenario evaluated in the HHRA. Shoreline sediment also poses an unacceptable risk to 

wildlife (see Section 2.5). 

Removal of ubiquitous metals and other chemicals in soil at concentrations exceeding PRGs could involve 

excavating very large quantities of soil (i.e., over 1,000,000 cubic yards) from Parcel E . As discussed in 

Section 3.3.2.1.5, such an excavation scenario is not considered a practical cleanup option for Parcel E 

because of the potentially poor short-term effectiveness, implementation ch~llenges, and high cost. Because 

excavation of ubiquitous metals at Parcel E is not feasible, other process options must be identified that can 

prevent exposure of humans and wildlife to ubiquitous metals concentrations in soil that exceed PRGs. 

Institutional controls and covers can be implemented throughout Parcel E, as described in Sections 3.3.2.1.2 

and 3 .3 .2.1. 7, to effectively prevent exposure of humans and wildlife to COCs in soil at concentrations 

exceeding PRGs. If institutional controls and covers are implemented throughout Parcel E, then excavation 

would not be required to prevent exposure to relatively low concentrations of COCs exceeding PRGs (with 

an associated risk that falls within the risk management range [i.e., 10-4 to 10-6] specified in the NCP). 

Rather, excavation would focus on removing higher concentrations of COCs that pose a more substantial 
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... 

Section 4 Development and Description of Remedial Alternatives 

risk to humans and wildlife. As a result, excavation options focus on removing (1) COCs at concentrations 

significantly exceeding PRGs (by either 5 or 10 times) and (2) COCs indicative of a source to groundwater 

contamination that may pose a risk to humans or wildlife. This FS Report identifies the following two 

' location types where COCs are present in soil at concentrations significantly exceeding PRGs: 

■ Tier 1 locations: locations containing COCs at concentrations equal to or greater than 10 times 
the PRGs (the Tier 1 action levels) 

■ Tier 2 locations: locations containing COCs at concentrations greater than 5 times the PRGs (the 
Tier 2 action levels) but less than 10 times the PRGs 

As discussed in Section 3 .1.1. 3, RB Cs for soil were calculated based on a target cancer risk level of 1 E-06 

and target noncancer HI of 1, consistent with the exposure pathways and assumptions used in the HHRA 

to assess risks (~arajas & Associates, Inc., 2008b). The PRGs for COCs in soil were then selected based 

on a comparisoq of the RBC for each COC, the laboratory PQL based on standard EPA analytical 

methods, and the HPAL for metals. For metals, the RBC was compared with the HP AL and, if the HPAL 

exceeded the RBC, the HP AL was selected. For organic chemicals, the RBC was selected, unless it was 

less than the laboratory PQL. In that case, the laboratory PQL would be selected. It should be noted that 

most of the PR Gs are based upon the RBCs. 

Accordingly, removal of Tier 1 and Tier 2 locations would target the soil locations that present the most 

substantial risk to humans. The removal of COCs exceeding concentrations of 5 to, 10 times the PRGs 

would reduce rerhaining incremental risks to within the risk management range (10-4 to 10-6) specified in 

the NCP. As an ::example, the proposed removal of Aroclor-1260 concentrations in redevelopment blocks 

with proposed mjxed-use reuse would equate to the following risk levels: 

■ 

■ 

■ 

The residential RBC for Aroclor-1260 (1.0 mg/kg) equates to cancer risk of lE-06 

Removal of Aroclor-1260 at Tier 2 locations (exceeding the Tier 2 action level of 5 mg/kg) would 
equate to a risk of 5E-06 

Removal of Arcolor-1260 at Tier I locations (exceeding the Tier 1 action level of 10 mg/kg) 
would equate to a risk of lE-05 

As discussed in Section 3.3.2.1.5, the volume of contaminated soil and the range of chemicals in soil at 

concentrations ·ekceeding PRGs require consideration of a relatively wide range of potential. response 

actions. In cont;ast, volume and type of soil gas and shoreline sediment contamination can be addressed 

by a narrower range of potential response actions, and do not require an evaluation of individual remedial 

alternatives for soil gas and shoreline sediment. Accordingly, the remedial alternatives for soil also 

incorporate appropriate actions to address contaminated soil gas and shoreline sediment. 

~~~-~; 
ERRG 
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· Section 4 Development and Description of Remedial Alternatives 

IR-03 is the primary location where COCs in soil are indicative of asource to groundwater contamination 

that may pose a risk to humans or wildlife. Remedial alternatives for IR-03 are presented in Section 4.3. 

In addition, areas with total TPH in soil at concentrations exceeding the established source criterion 

(3,500 mg/kg; Shaw, 2007) may result in groundwater contamination that affects wildlife in the bay. 

-- Removal of total TPH exceeding 3,500 mg/kg, where commingled with CERCLA-regulated chemicals, is 

evaluated under the ·excavation alternatives de~cribed iii this section; inany locatio11s with only total TPH 

contamination are being addressed separately by the TPH corrective action program. 

Four remedial alternatives were developed for soil and shoreline sediment 

• Alternative S-1: No Action 

• Alternative S-2: Covers, Institutional Controls, and Shoreline Protection 

• Alternative S-3: Excavation and Off-Site Disposal of Tier 1 Locations, Followed by Covers, 
Institutional Controls, and Shoreline Protection 

• Alternative S-4: Excavation and Off-site Disposal of Tier 1 and Tier 2 Locations, Followed by 
Covers, Soil Vapor Extraction, Institutional Controls, and Shoreline Protection 

With the exception of Alternative S-1, all of these alternatives are designed to address potential 

unacceptable risk associated with the planned reuse for each redevelopment block, as identified in the 

human health and ecological risk assessments and as updated based on the amended redevelopment plan 

(SFRA, 201 0c ). These alternatives are described in the following sections, which include notes on the 

major design assumptions that were used to estiinate costs and discussion of action-specific ARARs 

unique to each alternative. Although not included in the titles, each of the action alternatives (S-2, S-3, 

and S~4) includes engineering contrnls and monitoring. Appendix E presents the estimates of alternative 

costs. Tabie 4-1 presents th_e components of each alternative for soil and shoreline sediment. Table 4-2 

presents the applicability of each alternative's components to each redevelopment block. 

4.2.1. Alternative S-1 : No Action 

Under Alternative S-1, no response action would be taken. Soil and shoreline sediment would be left in 

place as is, without implementing any institutional controls, containment, removal, treatment, or other 

mitigating actions. The no-action alternative is retained throughout the evaluation process as required by 

the NCP to provide a baseline for comparison with other alternatives: 

4.2.2. Alternative S-2: Covers, Institutional Controls, and Shoreline Protection 

Alternative S-2 uses covers, institutional controls, and shoreline protection, as well as engineering controls 

and monitoring to meet ARARs and RAOs. This alternative provides physical barriers to eliminate the 

exposure pathways to soil and shoreline sediment at Parcel E. Based on the ubiquitous nature of metals and 

some organic chemicals exceeding remedial goals at Parcel E, the cover alternative would be applied 

throughout redevelopment blocks with soil that contains COCs that pose a potential ·unacceptable _risk 
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Section 4 Development and Description of Remedial Alternatives 

(based on currently planned land uses). Existing covers, such as concrete building foundations and asphalt 

. parking lots, following appropriate rehabilitation, are considered adequate for this alternative. New covers 

are considered for construction only in areas where there are rio existing covers. This alternative includes 
I 

conservative assumptions for maintenance, upgrades, or repairs to the existing covers; the extent of these 

actions will be assessed in the RD and implemented for this alternative as necessary. In addition, the Navy 
: . .· ' 

would construct shoreline protection features to prevent contaminated shoreline sediment and soil· from 

entering San Francisco Bay, and to integrate with the surface covers for onshore soil. 

4.2.2.1. Covers 

Redevelopment blocks with soil that contains COCs that pose a potential unacceptable risk would be 

covered to allow for currently planned land uses. The exact nature and.specifications for covers can vary 

from block to block, but all covers must meet the performance standard of preventing exposure to soil. 

Covers would be achieved in two ways: 

• Use of Existing Covers: Existing asphalt and concrete surfaces and buildings would be 
considered existing covers. These covers may include existing building foundations, roads, 
parking lots, and maintained landscaping. The existing covers may require rehabilitation, such as 
sealing with a 1-inch-thick asphalt layer or repairing cracks. Asphalt and concrete covers may 
not be appropriate depending on future land use; for example, open spaces would not be 

• 

appropriate locations for asphalt or concrete covers. Existing asphalt covers would be inspected • 
regularly and maintained as necessary. For cost-estimating purposes, it is assumed that an asphalt 
cover would require maintenance ( consisting of sealing with a 1-inch-thick asphalt layer) once 
every 10 .. years. 

• New Covers: Where new covers are needed, areas would be covered with a durable material that 
would minimize breakage, erosion, or deterioration and prevent the exposure of underlying soil. 
Standard construction practices for roads, sidewalks, and buildings would likely be adequate to 

meet thi~ performance standard. Examples of other acceptable covers include a minimum 
I • ~ • ' • 

2 inches 'pf asphalt over 6 inches of aggregate base material, or a minimum 2 feet of clean 
imported soil. The cover would include a low-permeability HDPE geomembrane to minimize 
infiltrati~n to enhance the groundwater remedy in portions of IR-02 Northwest where 
ground~ater concentrations may pose a risk to aquatic wildlife in the bay and there are 
correspohding soil sources of contamination in the unsaturated zone. The HDPE geomembrane 
would be combined with a soil foundation layer and a vegetative cover. All covers must achieve 
a full coverage of the entire redevelopment block. The asphalt covers would be inspected and 

I 

maintained consistent with the RD and OMP. Soil covers would require maintained landscaping 
on top of the cover. Backfill for soil covers would be sampled and analyzed to ensure that all 
chemical concentrations are below PRGs, and that the backfill contains less than 0.25 percent 
asbestos as required for clean backfill over soils that may contain asbestos (see Appendix E). The 
soil cover may overlay existing grades. Appropriate covers for the open space reuse blocks 
would d~pend on the details of redevelopment; for purposes of costing it is assumed as 2 feet of 
clean soil cover. Asphalt covers are proposed for three localized areas of IR-52 (Railroad Right
of-Way) where chemical concentrations exceed industrial PRGs. 
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It is estimated from Figure 3-3 of the Revised RI Report (Barajas and Associates, Inc., 2008b) that 

approximately 58.4 acres would be covered with a 2-foot soil cover, f6.2 acres would be covered with 

new asphalt (including 1.3 acres in IR-52), and 41.9 acres of existing ·asphalt and concrete surfaces 

.·. (including buildings) would be used and repaired, as necessary. In addition, 7.5 acres would be covered 

with an HDPE geomembrane (with associated foundation and vegetative soil layers) placed above the . 

portion of IR-02 Northwest in EOS-1. Figure 4-1 illustrates ,the areas ~ssumed for various cover types. 
' ' ' 

The estimated cover areas are listed in the cost tables in Appendix E. · Actual extent of cover types will be 

identified in the RD. 

4.2.2.2. Institutional Controls 

Institutional controls, consisting primarily of restrictive covenants identifying specific land use and 

activity restrictions (as described in detail in Section 3.3.2.1.2), would be implemented parcel-wide for all 

of the redevelopment blocks to prevent potential exposure to unacceptable risks posed by COCs in soil 

and shoreline sediment ( see ARIC identified on Figure 3-1 ). Activity restrictions would be implemented 

through the LUC RD, which, as described in Section 3.3.2.1.2, would be reviewed and approved by the 

FF A signatories and CDPH, referenced in the applicable restrictive covenants. The LUC RD will specify 

roles and responsibilities for implementing, monitoring, and enforcing the institutional controls. 

4.2.2.3. Shoreline Protection 

• Contaminated shoreline sediment would be addressed through shoreline protection. Shoreline protection 

is part of Alternative S-2, as well as Alternatives S-3 and S-4, to control erosion from tidal and wave 

action from San Francisco Bay, thereby preventing migration of and exposure to shoreline sediments 

containing COCs exceeding RAOs. Shoreline protection includes excavation of shoreline material and 

installation of protective features. Based on the evaluation presented in Appendix D, the following 

shoreline protection options will be incorporated into Alternatives S-2, S-3, and S-4: 

• 

■ 

■ 

Armoring (rock revetment) will be installed in the steep and narrow shoreline areas. Steep and 
narrow areas of the intertidal shoreline zone are predominately narrow (most of the area is 50 feet 
wide or less) with predominately steep slopes (1 V:3H). 

Hybrid stabilization using natural shoreline materials with underlying rock armor will be installed 
in the gradually sloped and wide shoreline areas. Gradually sloped and wide areas of the 
intertidal shorel1ne zone are predominately wide (most of the area is greater than 50 feet wide) 
with predominately gradual slopes (less than 1 V:3H, with many portions close to 1 V: 1 OH). 

The conceptual designs of these two shoreline protection options are detailed in Appendix D. Specifically, 

Figure D-2 identifies the shoreline areas where each option would be implemented, and Figures D-3 and D-

5 present conceptual cross sections of the rock revetment and hybrid stabilization options, respectively. As 

shown on Figures D-3 and D-5, the shoreline protection will include features (such as earthen berms) that 
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Section 4 Development and Description of Remedial Alternatives 

can be extended up to + 11 feet msl to protect against a future rise in sea level. This height is anticipated to 

be adequate to prevent overtopping based on the following information: 

■ 

■ 

■ 

■ 

Mean higher high tide level is +3.61 feet msl 

Currently assumed 100-year sea level risk is 3 feet, which takes into account potential future 
global climate·change (Church et al., 2001; Meehl et al., 2007) 

An offshore study performed in 2001 indicated that the maximum significant wave height 
offshore of Parcel E was 67 centimeters (2.3 feet) (Battelle Memorial In~titute and Woods Hole 
Group, 2901) 

The ratio of wave runup to wave height can be 150 percent (per Parcel B Technical Memorandum 
in Support of a ROD Amendment (TMSRA) [ChaduxTt, 2007]). 

Construction of the shoreline protection would involve excavating the top 2.5 feet of shoreline material 

and disposing of excavated material at an off-site permitted disposal facility. As shown on Figures D-3 

and D-5 in App~ndix D, additional excavation would be required where the existing slopes exceed the 

design slopes (1 V:3H for the rock revetment option, and 1 V:l0H for the hybrid stabilization option). The 
,I 

volume of additional excavation would be minimized because the selected options (rock revetment in 

steep and narrow shoreline areas and hybrid stabilization in gradually sloped and wide shoreline areas) 

would not require extensive modification of the existing slopes. The shoreline areas would be.backfilled 

with a minimum 2.5-foot-thick layer of clean imported fill (see Figures D-3 and D-5 in Appendix D) 

along the entire Parcel E shoreline to maintain the integrity of the restored surfaces following remediation 

and to integrate ~ith the proposed surface covers for onshore soil. Filter fabric would be placed at the 

bottom of the ~xcavation to demarcate the underlying contaminated soil from the clean backfill. 

Additional geotephnical stabilization measures (such as a geosynthetic reinforcement material) may be 
' . 

required to ensure stability of the slope; such engineering design details will be presented in the RD if this 

alternative is selected. 

Consistent with the NCP, conceptual designs developed for shoreline protection may be refined during 

the RD (followin.g remedy selection in the ROD). Refinements to conceptual designs may be prompted 
,, 

by additional site information or stakeholder input, and may include changes to the alignment of or 
,, 

construction mat~rials used in the shoreli!le. protection option. However, the refined design must continue 

to satisfy the RAOs identified in Section 3.1.2. 

4.2.2.4. Radiological Control Procedures 

The potential presence of radionuclides must be assessed prior to and during any intrusive activities 

because the HRA (NAVSEA, 2004) identified portions of Parcel E. as "radiologically impacted." 

Intrusive activities contemplated under Alternative S-2 would include (1) surface preparation prior to 

installing covers, and (2) shoreline excavation prior to installing shoreline protection features . 

Radiological control procedures are required to protect the health and safety of site workers and the 
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Section 4 Development and Description of Remedial Alternatives 

general public, and to comply with regulatory requirements and principles governmg work at 

radiologically impacted sites. The radiological control procedures required for intrusive activities 

performed within radiologically impacted sites would include (1) screening and sampling to identify areas 

with elevated radioactivity and (2) excavating and characterizing radioactive material. Radioactive 

material, including any identified mixed waste, would be properly stored on site pending disposal by an 

authorized contractor certified under the Navy's Low-level Radioactive· Waste Disposal Program. As 

discussed in Section 1.1, a radiological addendum to the FS Report is being prepared to develop 

alternatives to address the radiologically impacted sites identified in the HRA, which would supplement 

the soil and groundwater alternatives identified in this FS report. A draft final version of the radiological 

addendum to the FS Report was submitted in 2011 (ERRG and RSRS, 2011) and includes additional 

information on the actions required at the radiologically impacted sites at Parcel E. 

4.2.2.5. Closure of Fuel Lines (IR-47) 

A buried fuel line (IR-47) extends from the Parcel D-1 and E boundary (near Berth 29) to.the former AST 

S-505 and former oil reclamation ponds (Figure 4-1 ). The fuel line is. being addressed under the 

CERCLA program because Triple A is suspected of having used the line to transport waste oil (San 

Francisco District Attorney, 1986), and previous investigations of the fuel lines in Parcels C and D found 

that product was still present in fuel lines. Excavation would be performed to remove approximateiy 

2,827 linear feet of fuel lines from Parcel E . 

The following general procedures are planned for the fuel line closure, consistent with those implemented 

during previous actions in Parcels C, D-1, and G: 

■ 

■ 

■ 

■ 

■ 

■ 

Geophysical mapping of pipelines 

Sampling and analysis of pipe contents for metals, VOCs, SVOCs, chlorinated pesticides, PCBs, 
and TPH 

Pressure testing of pipeline to identify segments with possible historic leaks and to confirm 
suitability for pressure wash 

Evaluation of data to identify pipe segments with potential to impact soil and groundwater 

Cleaning of intact pipeline sections 

Removal of suspectpipeline sections with additional excavation and confirmatory sampling to 
address contamination 

Detailed excavation and confirmation sampling plans will be developed in the RD if this alternative is 

selected . 
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Section 4 Development and Description of Remedial Alternatives 

4.2.2.6. Closure of Steam Lines (IR-45) 
'I 
I 

Parcel E contains an underground steam line system (IR.--45) that was previously used to deliver steam to 

heat buildings and ships docked at the facility. The steam line system is contained in concrete utilidors 

with access points every 200 to 400 feet. Withm' the utilidors are steam pipes, covered in asbestos pipe 

lagging insulation, condensate return lines, and pump return lines. It is suspected that between 197 6 and 

1986, sections of the abandoned steam lines were used to transfer waste_ oil to ASTS-505, formerly 

located in IR-02 Southeast (San Francisco District Attorney, 1986). Additional investigation would be 

required to determine whether individual steam ·lines within Parcel E had been used to transfer waste oil 

and! if so, whether they had leaked into the concrete utilidors. If steam lines were contaminated with 

waste oil, they would be removed and properly disposed of off site. Uncontaminated steam lines at 

Parcel E would be abandoned in place. 

Approximately 53,640 linear feet of steam lines are located at Parcel E (Figure 2-1 ). Based on previous 

steam line investigations and removals at Parcels C, D-1, and G, it is estimated that approximately 

10 percent of the lines are contaminated and would require removal. The following general procedures 

would be followed for the steam line investigation and closure, consistent with those implemented during 

previous actions in Parcels C, D-1, and G: 

• Geophysical mapping of pipelines 

• Asbestos abatement of protective wrap and pipe insulation 

• 
• 

Inspection and tightness testing of steam lines, with excavation to expose steam lines as needed 

Sampling and analysis of fluids or, if none, wipe sampling to identify pipe segments with 

potential!: impact to soil and groundwater; analyze for metals, VOCs, SVOCs, pesticides, PCBs, 

and TPH 

• 
• 
• 
• 

Pressure testing of pipeline segments where waste oil and contaminants were found 

Removal of pipeline segment that fail pressure test, and removal of residual fluids 

Pressure Washing of remaining pipeline segments and confirmatory wipe samples 

Utilidor tleaning and inspection with excavation 

Detailed excavation and confirmation sampling plans will be developed in the RD if this alternative .is 

selected. 

4.2.2.7. Engineering Controls and Monitoring .,, 

Alternative S-2 ihcludes engineering controls and monitoring as described below. 
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Section 4 Development and Description of Remedial Alternatives 

Engineering Controls 

Alternative S-2 would require signs and, where appropriate, fencing to restrict access !o contaminated soil 

and shoreline sediment prior to redevelopment. Fencing would be used during implementation of 

remedial actions (such as during construction of the soil covers). The OMP would identify procedures for 

any necessary sampling and analysis requirements, worker health and safety requirements, and any 

necessary site-specific construction and/or use approvals that may be required. In addition, the 

institutional controls described in Section 3 .3 .2.1.2 would generally require that construction of new 

buildings or reuse of existing buildings in an ARJe for voe vapors would incorporate vapor barriers or 

other vapor control systems to prevent the exposure of occupants to voes in soil gas or groundwater. 

Such interim engineering controls, if used, would be required until remediation goals were met or as long 

as soil vapor concentrations exist that may pose an unaccepta,ble risk through vapor intrusion. In addition, 

groundwater alternatives would be paired with Alternative S-2 to prevent uncontrolled releases of voes 

from groundwater. 

Monitoring 

As discussed in Section 2.3.3.2, the Navy initiated a basewide soil gas investigation in 2010. The soil gas 

investigation is being performed in two phases, with the work in Parcel E slated for implementation 

during the second phase in 2011. The soil gas investigation will evaluate the potential risk associated 

with vapor intrusion and determine the extent to which further monitoring, remediation, or institutional 

controls are required to mitigate vapor intrusion risk. 

4.2.3. Alternative S-3: Excavation and Off-Site Disposal of Tier 1 Locations, Followed by 
Covers, Institutional Controls, and Shoreline Protection 

Alternative S-3 includes excavation of Tier 1 locations with off-site disposal of contaminated soil at a 

permitted disposal facility. This alternative also provides for the covers, institutional controls, and 

shoreline protection discussed in Alternative S-2. Tier 1 locations are defined, for the purposes of this FS 

Report, as locations containing COCs at concentrations greater than 10 times the PRGs (the Tier 1 action 

levels). Alternative S-3 provides a permanent remedy to remove Tier 1 locations where excavation is 

feasible. Remaining low-risk contaminated soil is addressed by covers and institutional controls. The 

covers under this .alternative would be used to prevent exposure to potential unacceptable risk posed by 

other eOCs in soil (such as ubiquitous metals at concentrations above PRGs). 

4.2.3.1. Excavation 

Radiological Control Procedures 
. . 

Radiological control procedures for Alternative S-3 would be required for excavated areas as described 

for Alternative S-2 . 
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Section 4 Development and Description of Remedial Alternatives 

Excavation of Contaminated Material 

As previously discussed, limited excavation is evaluated in this FS Report, because (1) ubiquitous metals 

· and other chemicals at concentrations above PRGs may be present over large portions of Parcel E; 

(2) excavation targeting such chemicals could involve excavating very large quantities of soil (i.e., over 

1,000,000 cubic yards) from Parcel E; and (3) the potentially poor short-term effectiveness, implementation 

challenges, and high cost of such an action do not . offset its long-term effectiveness. This alternative 

assumes that individual Tier 1 locations would be excavated to meet the Tier 1 action levels equivalent to 

10 times the corresponding PR Gs. A focused excavation of Tier 1 locations would · reduce COC 

concentrations so that remaining incremental risk is within the risk management range (10-4 to 10-6) 

specified in the NCP. In addition, excavation would be performed in areas with COCs indicative of a source 

to groundwater contamination that may pose a risk to humans or wildlife. Specifically, excavation depths 

would be extend~d deeper than the exposure depths prescribed in the RAOs in areas (such as IR-02 

Northwest) where residual soil concentrations are present at concentrations that may pose a risk to aquatic 

wildlife in the bay. Source removal activities evaluated under this alternative may be supplemented with 

additional containment measures (low permeability surface covers identified under Alternative S-2, and 

groundwater containment structures identified under Alternative GW-3A). The preliminary excavation 

design uses the fqllowing technical assumptions: 

■ 

■ 

■ 

' 

The minipmm size of an excavation at a Tier 1 location would be 1,600 square feet ( 40 by 40) 
and would be centered around the sample location of concern 

Larger excavations at Tier 1 locations would be performed in areas where multiple sample 
locations_ of concern are tightly grouped (within 10 to 20 feet) 

Excavatibn depths would extend at least 2 feet below the depth of the sample location of concern, 
., 

or to groundwater, assumed to be approximately 10 feet bgs 

Soil excavations of Tier 1 locations adjacent to IR-03 are also intended to remove NAPL to the extent 

practical. The preliminary excavation design is presented on Figures 4-2 through 4-9; this design will be 

further developed and detailed in the RD if this alternative is selected. The lateral and vertical extent of 
, I; 

_Tier 1 locations would be refined through pre-excavation characterization to be performed during the RD. 
I . 

This characterization effort would be guided by specific data quality objectives (DQOs) to better delineate 

contamination at Tier 1 locations. All material excavated under Alternative S-3 would be characterized 

and disposed of off site at an appropriately permitted off-site disposal facility. Material excavated from 

IR-02 and IR-03 would also be screened for radiologically impacted material and MPPEH, which would 

be segregated, h1ndled, and disposed of in accordance with procedures established during past removal 
II 

actions. Any industrial debris (such as drums and associated liquid wastes) would be properly 

characterized and disposed of off site. 
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Table 4-3 lists the locations, depths, and volumes selected for excavation under Alternative S-3. The 

adequacy of the excavation process in removing contamination at Tier 1 locations would be verified 

through post-excavation confirmation sampling and, if necessary, additional excavation. The post

excavation confirmation sampling procedures would be developed during the RD and would include 

specific DQOs to facilitate proper implementation. After receipt of acceptable post-excavation 

confirmation sampling results, excavations would be backfilled with clean soil meeting stringent chemical 

and radiological acceptance criteria. Other areas that may contain COCs at concentrations less than 

10 ti_mes the PRGs would be left in place, and remaining incremental risk (within the risk management 

range) would be addressed through installation of a cover and implementation of institutional controls. 

· Excavation areas would be covered in the same manner as the rest of the redevelopment block once 

excavation was complete. 

Removal of Steam and Fuel Lines 

Steam and fuel lines would be investigated and removed as described for Alternative S-2. 

· 4.2.3.2. Covers 

Covers would be installed as described for Alternative S-2, with the only difference being that no covers 

would be required in IR-52 because, following removal of Tier 1 locations, the remaining incremental 

risks will be within the risk management range (10-4 to 10-6) specified in the NCP. In addition, 

institutional controls, consisting primarily of restrictive covenants identifying specific land use and 

activity restrictions (as described in detail in Section 3.3.2.1.2), would be implemented at IR-52 to prevent 

potential exposure to unacceptable risks posed by COCs in soil. 

4.2.3.3. Institutional Controls 

The institutional controls would be implemented parcel-wide, as discussed for Alternative S-2, and more 

fully described in an LUC RD document. 

4.2.3.4. Shoreline Protection 

Shoreline protection for Alternative S-3 would be consistent with the areas and procedures outlined in 

Alternative S-2. 

4.2.3.5. Engineering Controls and Monitoring 

The .engineering ccmtrols and monitoring would be the same as Alternative S-2 . 
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4.2.4. Alterna,ive 5-4: Excavation and Off-Site Disposal of Tier 1 and Tier 2 Locations, 
Followed by Covers, Soil Vapor Extraction, Institutional Controls, and Shoreline 
Protection 

Alternative S-4 includes excavation of Tier 1 and Tier 2 locations where PR Gs are exceeded with off-site 

disposal at a permitted disposal facility. This alternative. also provides for the covers, institutional 

controls, and shoreline protection discussed in Alternative S-2. In addition, this alternative includes SVE 

as a source reduction measure for the Building 406 TCE plume. Soil containing COCs at concentrations 

greater than or equal to 5 times the PRGs (but less than 10 times the PRGs) would be excavated where 

feasible to reduce the concentrations of these COCs in the environment. For the purposes of this FS 

Report, such locations are defined as Tier 2 locations. Tier 2 locations are distinct from the Tier 1 

locations; which, as defined in Section 4.2.3, are locations with COCs at concentrations greater than or 

equal to 10 times the PR Gs. 

Alternative S-4 provides a permanent remedy to remove Tier 1 and Tier 2 locations where excavation is 

feasible. Remaining low-risk contaminated soil would be addressed by covers and institutional controls. 

The covers under this alternative would be used to prevent exposure to potential unacceptable risk posed 

by other COCs in soil (such as ubiquitous metals at concentrations above PRGs). 

4.2.4.1. Excavation 

Radiological Control Procedures 

Radiological control procedures for Alternative S-4 would be provided for excavated areas as described 

for Alternative S.:.2. 

Excavation of Contaminated Material 

This FS Report ~ssumes that Tier 1 and Tier 2 locations would be excavated to meet the Tier 2 action 

levels equivalent!: to 5 times the corresponding PRGs. Similar to Alternative S-3, excavation would also 

be performed in areas with COCs indicative of a source to groundwater contamination that may pose a 

risk to humans o~ wildlife. Specifically, excavation depths would ·be extended deeper than the exposure 
I 

depths prescribed in the RAOs in areas (such as IR-02 Northwest) where residual soil concentrations are 

present at concentrations that may pose a risk to aquatic wildlife in the bay. Source removal activities 

evaluated under. this alternative may be supplemented with additional containment measures (low 

permeability surface covers identified under Alternative S-2, and groundwater containment structures 

identified under Alternative GW-3A). The preliminary excavation design uses the following technical 

assumptions: 
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• The minimum.excavation size at a Tier 2 location would be 400 square feet (20 feet by 20 feet) 
and would be centered around the sample location of concern 

• · The minimum size of an excavation at a· Tier 1 location would be 1,600 square feet ( 40 by 40) 
and would be centered around the sample location of concern 

• Larger excavations at Tier 1 or Tier 2 locations would be performed in areas where multiple 
sample locations of concern are tightly grouped (within 10 to 20 feet) 

• Excavation depths would extend at least 2 feet below the depth of the sample location of concern, 
or to groundwater, assumed to be approximately 10 feet bgs 

Soil excavations of Tier 1 and Tier 2 locations adjacent to IR-03 are also intended to remove NAPL to the 

extent practical. The preliminary excavation design is presented on Figures 4-2 through 4-9; this design 

will be further developed and detailed in the RD if this alternative is selected. The lateral and vertical 

extent of T.ier 1 a_nd Tier 2 locations would be refined through pre-excavation characterization to be 

performed during the RD. This characterization effort would be guided by specific DQOs. to better 

delineate contamination at Tier 1 and 2 locations. All material excavated under Alternative S-4 would be 

characterized and disposed of off site at an appropriately permitted off-site disposal facility. Material 

excavated from IR-02 and IR-03 would also be screened for of radiologically impacted material and 

MPPEH, which would be segregated, handled, and disposed of in accordance with procedures established 

during past removal.actions. Any industrial debris (such as drums and associated liquid wastes) would be 

• properly characterized and disposed of off site. 

• 

Table 4-3 lists the locations, depths,"'and volumes selected for excavations under Alternative S-4. The 

adequacy of the excavation process in removing contamination at Tier 1 and 2 locations would be verified 

through post-excavation confirmation sampling and, if necessary, additional excavation. The post

excavation confirmation sampling procedures would be developed during the RD and would include 

specific DQOs to facilitate proper implementation. After receipt of acceptable post-excavation 

confirmation sampling results, excavations would be backfilled with clean soil meeting stringent chemical 

and radiological acceptance ·criteria. All other areas that may contain COCs less than 5 times the PRGs 

would be left in place, and remaining incremental risk (within the risk management range) would be 

addressed through installation of a cover and implementation of institutional controls. Excavation areas 

would be covered in the same manner as the rest of the redevelopment block after excavation operations 

were complete. 

Removal of Steam and Fuel Lines 

Steam and fuel lines would be investigated and removed as described for Alternative S-2 . 
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4.2.4.2. Covers 

Covers would be installed as described for Alternative S-2, with the only difference being that no covers 

would be required in IR-52 because, following removal of Tier 1 locations, the remaining incremental 

risks will be within the risk management range (10-4 to 10-6) specified in the NCP. In addition, 

institutional controls, consisting primarily of restrictive covenants identifying specific land use and 

activity restrictions (as described in detail in Section 3.3.2.1.2), would be implemented at IR-52 to prevent 

potential exposure to unacceptable risks posed by COCs in soil. 

4.2.4.3. SVE 

SVE would be used in Alternative S-4 as a source reduction measure to address VOC-contaminated soil. 

The targeted area for SVE is the Building 406 TCE plume, which is further discussed in Section 4.3. As 
!, 

discussed in Sect~on 2.1.3.4, an SVE treatability study was performed at Building 406, and results of the 

study concluded that SVE was effectively removing VOCs from vadose zone soil (IT Corporation, 2002). 

Soil vapor data collected as part of the 2009 and 2010 GWTS identified elevated concentrations ofVOCs 

at several locations under Building 406 (Shaw, 2011). The data suggest that residual VOCs remain in the 

vadose zone at c,oncentrations warranting removal by SVE. Additional investigation, to be performed 

during the RD aQd guided by specific DQOs, would better define the areas requiring removal by SVE. 

• 

The SVE system would include 32 extraction wells evenly distributed throughout the estimated extent of 

the plume. The number of SVE extraction wells is based upon the average radius of influence of 30 feet, • 

as observed during the previous system operation near Building 406 _(IT Corporation, 2002). If this 

alternative is selected, the spacing of the SVE wells and the operational characteristics of SVE system 

would be refined during development of the RD through field testing and an SVE pilot-scale study. 

4.2.4.4. Institutional Controls 

The institutional controls for this alternative would be implemented sitewide, as described for 

Alternatives S-2 and S-3, and would be more fully described in an LUC RD document. 

4.2.4.5. Shoreline Protection. 

Shoreline protection for Alternative S-4 would be consistent with the areas and procedures outlined in 

Alternative S-2. 

4.2.4.6. Engineering Controls and Monitoring 

The engineering controls and monitoring would be the same as in Alternatives S-2 and S-3. 
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Section 4 Development and Description of Remedial Alternatives 

4.3. DESCRIPTION Of GROUNDWATER REMEDIAL ALTERNATIVES 

Groundwater in the A- and B-aquifers at Parcel E was identified for further evaluation in the FS due to 

potential risk to human health (see Revised RI Report [Barajas & Associates, Inc., 2008b] and Section 3 

of this FS Report). VOCs were identified as COCs that require a response action. In addition to VOCs, 

the aquatic evaluation (Appendix A) identified several metals, pesticides, PCBs, and total TPH as COECs 

· that pose a potential risk to aquatic wildlife in the San Francisco Bay. 

Five remedial alternatives were developed for groundwater: 

• Alternative GW-1: No Action 

• Alternative GW-2: Institutional Controls and Long-Term Groundwater Monitoring 

• Alternative GW-3A: Groundwater Containment, In-Situ Bioremediation, Monitored Natural 
Attenuation, and Institutional Controls 

• Alternative GW-3B: Groundwater Containment, In-Situ Bioi:emediation, Zero-Valent Iron 
Reduction, Monitored Natural Attenuation, and Institutional Controls 

· • Alternative GW-4: Groundwater Containment, In-Situ Bioremedi_ation, Air Sparging, Monitored 
Natural Attenuation, and Institutional Controls 

These alternatives are described in the following sections. Although not always mentioned in the titles, each 

of the action alternatives (GW-2 through GW-4) include engineering controls and monitoring. Table 4-4 

presents the major components of each alternative. Table 4-5 shows the applicability of the alternatives to 

each plume. 

4.3.1. Alternative GW-1: No Action 

Under Alternative GW-1, there would be no response action. Groundwater would be left as is without 

implementing any institutional controls, containment, removal, treatment, monitoring, or other mitigating· · · 

actions. The no-action alternative is retained throughout the evaluation process as required by the NCP to 

provide a baseline for comparison with other alternatives. 

4.3.2. Alternative GW-2: Institutional Controls and Long-Term Groundwater Monitoring 

Alternative GW-2 would meet RAOs by controlling the exposure pathways that cause human health risk. 

Ecological risk would be addressed by groundwater monitoring and evaluation of trigger levels. This 

alternative does not intend to restore affected groundwat/r for beneficial uses. The following paragraphs 

describe this alternative. · 

Alternative GW-2 consists of institutional controls· and long-term groundwater monitoring. Institutional 

controls would be implemented in areas where_ humans could be exposed to COCs at concentrations that 

• pose a health risk. Long-term groundwater monitoring would serve a two-fold purpose. It would 
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Section 4 Development and Description of Remedial Alternatives 

(1) provide awareness of the size and behavior of COC plumes, helping to ensure that contaminants do 

not migrate beyond controlled areas;· and (2) provide baseline information on the size and behavior of 

COEC plumes to be used in preventing contaminant discharge to San Francisco Bay. 

4.3.2.1. Institutional Controls 

Instihltional controls, consisting primarily of restrictive covenants identifying specific land'.use and activity 

restrictions (as described in detail in Section 3.3.2.1.2), would be implemented across redevelopment blocks 

where potential exposure to COCs in groundwater via the vapor intrusion or domestic use pathways pose 

. unacceptable risk to humans. Activity restrictions would include prohibitions on installing groundwater 

wells for domestic use. Land use restrictions would include the requirement that construction and 

occupancy of new buildings or reuse of existing buildings in an ARIC for VOC vapors would incorporate 

vapor barriers or other vapor control systems to prevent the exposure of occupants to VOCs in groundwater. 

When construction of enclosed structures or reuse of an existing building is proposed in an ARIC for VOC 

vapors (Figure 3Jl) the design of the vapor control system built into foundations must be approved by the 

FF A signatories. In addition, enclosed structures within the ARIC for VOC vapors at Parcel E shall not be 

occupied until the Owner has requested and obtained FFA signatory approval (through approval of a 

Remedial Action Completion Report or similar document) that any necessary engineering controls or design 

alternatives have been properly constructed and are operating successfully. The ARIC for VOC vapors at 

Parcel E (Figure 3-1) will be reevaluated as soon as practical based on the ongoing soil vapor investigation . 

As discussed in Section 2.3.3.2, the investigation at Parcel Eis scheduled for 2014. Based on the HHRA 

results from the Revised RI Report (Barajas & Associates, Inc., 2008b) all redevelopment blocks, except for 

the railroad right-of-way (where no identified groundwater plumes were identified), would currently be 

subject to institutional controls for groundwater. Institutional controls for groundwater would remain in 

place for as long as chemical concentrations in underlying groundwater exceeded remediation goals or soil 

vapor concentrations were found to pose an unacceptable risk through vapor intrusion. Further explanation 
i . 

of institutional controls is provided in Section 3.3.2.1.2. If Alternative GW-2 was selected, institutional 
I 

controls would b¢ described in greater detail in a LUC RD document. Under conditions defined in the LUC 

RD, areas where vapor controls would apply may be modified to exclude areas where soil gas 

concentrations do not pose risk to human health. 

4.3.2.2. ·· Long-Term Groundwater Monitoring 

Long-term groundwater monitoring would involve periodic groundwater sampling and analysis for (at a 

minimum) all of the COCs and COECs identified in Section 3.1.3. It would provide the means to monitor 

the protectiveness of the remedy over time and evaluate the need for further action in the future. 

Groundwater monitoring results would be used to assess the migration of COCs and COECs to verify that 

human health and aquatic life in San Francisco Bay are adequately protected. 
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Section 4 Development and Description of Remedial Alternatives 

The long-term monitoring program would monitor the concentrations of COCs in A-aquifer and B-aquifer 

groundwater over time. Initially, all COCs would be monitored at the locations where th.e HHRA 

(presented in the Revised RI Report) identified unacceptable risk (Barajas & Associates, Inc., 2008b ). 

Groundwater monitoring would continue until remediation goals are met or until the plumes are stable. 

. . . 

The aquatic evaluation in Appendix A evaluated the potential for COJ:<:Cs to discharge from groundwater 

to San Francisco Bay at concentrations that could adversely affect aquatic organisms. This evaluation 

involved screening-level comparison of surface water quality criteria with detected concentrations in 

groundwater at Parcel E and includes a point-by-point evaluation of the analytical history where 

concentrations in groundwater exceeded the surface water quality criteria4
• The surface water quality 

screening was followed by a trigger-level evaluation, which determined, on a well-by-well· basis, which 

chemicals exist in groundwater at concentrations that may not attenuate to acceptable levels during 

migration to the bay. The evaluation in Appendix A concluded that five metals (arsenic, copper, lead, 

nickel, and zinc), two PCBs (Aroclor-1254 and Aroclor-1260), two pesticides (alpha-chlordane and 

4,4' -DDE), and total TPH at certain nearshore and inland locations in the A-aquifer could affect aquatic 

organisms in the bay. No chemicals were identified to be of concern in the B-aquifer at Parcel E. The 

wells where location-specific trigger levels were exceeded are included in the proposed groundwater 

monitoring program presented in Appendix C. If this alternative is selected, the monitoring approach 

presented in Appendix C will be further developed during preparation of the RD. 

The general objectives for groundwater monitoring for Alternative GW-2 include: 

■ 

■ 

■ 

■ 

Monitoring for the migration of COCs and COECs into previously uncontaminated areas and 
toward the bay 

Monitoring for changes in concentrations within plumes 

Monitoring concentrations in and near individual wells where the HHRA identified unacceptable 
risk 

Monitoring to verify the results of the trigger-level attenuation models (Appendix A) 

In total, 50 wells (including 42 existing wells and 8 proposed wells) are proposed for monitoring under 

Alternative GW-2. Most of these wells would be inside COC and COEC plumes (i.e,, where groundwater 

exhibits chemical concentrations exceeding PRGs). The remainder of the wells would be located outside 

the COC and COEC plumes (upgradient, downgradient, or cross-gradient with respect to groundwater 

flow) to evaluate chemical migration. For the purpose of the cost estimate, eight wells were added to the 

existing network of Parcel E monitoring wells to improve spatial coverage at all plume areas; these would 

be new wells that do not currently exist at Parcel E. The conceptual groundwater monitoring approach in 

4 This evaluation should not be interpreted to state or imply that surface water ARARs such as the California Toxics Rule are 
ARARs for in situ groundwater. Surface water ARARs apply to surface waters only. 
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Section 4 Development and Description of Remedial Alternatives 

Appendix C and Figure 4-10 present the locations of the existing and proposed wells for monitoring the 

plume areas. 

For cost-estimating purposes, it is assumed that monitoring would occur for 30 years. Groundwater 

would be monitored quarterly for the first 2 years, semiannually for the next 2 years, and annually 

thereafter. App~ndix C provides niore information on the rationale behind the proposed monitoring 

approach and the details of the monitoring program. Aspects of the· 1ong-term groundwater monitoring 

program (such as wells to be monitored, chemicals to be analyzed for, laboratory analytical methods, 

sample collection procedures, and quality control requirements) would be refined during preparation of 

the RD, if an alternative including long-term monitoring is selected. The analysis in the RD would 

include data evaluated for this FS Report and newer data (including data from newly installed wells). 

The RD evaluation may include: 

■ 

■ 

■ 

Changes .to the chemicals to be monitored for at each well 

Changes to the frequency of monitoring for each well 

Adding or removing wells from the proposed monitoring network 

■ Developing a methodology for monitoring the groundwater/surface water interface for future 
implementation 

• Developing a methodology for adjusting HPS-wide attenuation factors based on site-specific 
information, allowing for refinement of the trigger levels assigned at each well in the future 

• Evaluatil}g a selected remediation alternative for groundwater treatment 

The results of these evaluations will be described in the RD and presented to the regulatory agencies for 

review. 

Results derived from the long-term groundwater monitoring program would be used during 5-year 

reviews to assess the adequacy of the monitoring program, adjust the data collection and analysis 

requirements, an? evaluate the need for additional response actions. 

4.3.2.3. Engi;neering Controls 

Engineering controls applicable to groundwater are included in those described. for soil and shoreline 

sediment (see Section 4.2.2.7). 

4.3.2.4. Radiological Control Procedures 

As with the soil alternatives, radiological control procedures must be implemented under the groundwater 

alternatives in areas designated as "radiologically impacted." Intrusive activities contemplated under 

Alternative GW-2 would include decommissioning and installing monitoring wells. 
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Section 4 Development and Description of Remedial Alternatives 

A summary of the radiological control procedures to be .implemented are as follows: 

• Soil identified as radioactive waste will be packaged in low-level radioactive waste (LLRW) 
containers and stored in an appropriate LLRW storage area. The waste will be maintained under 
an appropriate radioactive materials license until disposed of via the Navy LLRW Dispo~al 
Program. 

• After installing or collecting samples from wells in radiologically impacted areas, personnel, 
tools, materials, or equipment will be screened prior to 'leaving the work area. 

• If radioactive contamination in excess of the designated site-specific release criteria is identified, 
deconta~ination will be performed in accordance with procedures developed by a qualified 
radiological contractor, approved by the Navy's Radiological Affairs Support Office, and 
reviewed by the regulatory agencies. 

• If generated, equipment and materials with radioactive contamination cannot be decontaminated, 
rather they will be packaged and stored on site. The waste will be maintained under an 
appropriate radioactive materials license until disposed of via the Navy LLRW Disposal Program. 

4.3.3. Alternative GW-3A: Groundwater Containment, In-Situ Bioremediation, Monitored 
Natural Attenuation, and Institutional Controls 

Alternative GW~3A consists of four retained process options: (1) groundwater containment, (2) ISB 

(both anaerobic and aerobic), (3) MNA, and (4) institutional controls. This alternative addresses plumes 

in nearshore areas using groundwater containment and addresses organic chemicals through anaerobic 

and aerobic ISB. Groundwater would be monitored during the bioremediation and natural attenuation 

phases of this alternative. 

Institutional controls for this alternative would be similar to those discussed for Alternative GW-2. 

Institutional controls would be implemented prior to active remediation and would remain in effect for as 

long as COC and COEC concentrations exceed their remediation goals. Further explanation of 

institutional controls is provided in Section 3.3.2.1.2. Institutional controls specific to this alternative 

would be described in greater detail in a LUC RD document if this alternative is selected. 

The following description of remedial activities is not intended to identify a sequence to be followed 

during implementation. If this alternative is selected, the RD would refine the implementation 

approaches, and develop optimization strategies to allow for appropriate adjustments based on site 

conditions. 

Figure 4-11 shows the implementation areas for the process options included in this alternative. This area 

includes the extent of the containment structure (slurry wall or sheet-pile wall) to retard migration of 

groundwater plumes in IR-02 Northwest. Figure 4-11 also shows the areas of contaminated groundwater 

targeted for treatment by anaerobic and aerobic ISB and. post-remediation attenuation monitoring by 

MNA. Remediation endpoints for ISB are intermediate goals that mark the end of active remediation and 
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Section 4 Development and Description of Remedial Alternatives 

the beginning of MNA. Remediation endpoints would be developed by the Navy and regulatory agencies 

as part of the RD if this alternative is selected. 

Prior to or during the development of the RD, source zone characterization would be conducted to refine 
i' 

the extent of the contaminated areas requiring remediation, as follows: 

• 
• 
• 

• 

Plume delineations would be refined through groundwater sampling 

Passive 'soi} gas sampling would be used to map the·horizontal distribution of VOCs 
! 

Membrane interface probe technology would be used in select areas to estimate the vertical extent 
of contamination 

Samples would be collected from all wells in the monitoring program to establish a baseline prior 
to implementation 

' 

The results of these investigations would be used to guide the following: 

• 
• 
• 

Installati,:m of new monitoring wells planned for this alternative 

Determination of the length of the groundwater containment structure 

Selection of the locations where ISB chemicals should be injected into the subsurface to 
optimally interact with chemicals in groundwater 

• 

Outside of IR-03 and three sites being evaluated under the TPH corrective action program • 

(see Section 2.3.1), no other Parcel E sites have reported NAPL. Therefore, treatment or removal of 

NAPL is not a part of this alternative and is not included in the cost estimate . 

. i 
4.3.3.1. Groundwater Containment 

In this alternative, groundwater containment would be implemented to control migration of contamination 

to downgradient surface water receptors. This technique includes any method whereby a low

permeability cut,off wall, such as a slurry or sheet-pile wall, is installed to redirect groundwater flow in 

the vicinity of a.• site. Two technologies were deemed feasible as groundwater containment options: a 

slurry wall and a sheet-pile wall. For cost-estimating purposes, the slurry wall technology was selected. 

Slurry walls usually consist of soil mixed with bentonite and cement. The slurry wall is intended to 

contain potentially contaminated groundwater -and is not intended to treat potentially contaminated 
~ : 

groundwater. 

The alternative assumes a wall would be installed downgradient of the IR-02 Northwest metals and PCB 

plumes in conjunction with a low-permeability cap at the IR-02 Northwest and Central removal action 

area. The prese11ce of the wall would decrease the groundwater flow gradient and consequently increase 

the residence time during which chemical concentrations would be reduced through physical, chemical, 

and biological processes. The presence of the wall would lead to hydraulic head build up behind it, which 
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would dissipate by lateral movement of groundwater around the wall. In addition, the hydraulic head 

build up behind the wall would be lower during high tides, when bay waters move inland through the tidal 

m1xmg zone. Overall, the combination of capping and downgradient slurry wall is anticipated to 

sufficiently prevent discharge of groundwater contamination at concentrations that may affect wildlife in 

· the bay (to be verified by future groundwater monitoring). 

The conceptual design for the groundwater containment system is shown on Figure 4-11. The location of 

the nearshore slurry wall would be along the northeast shoreline of Parcel E. The wall would be 

constructed within 100 feet of the bay and it would cover a distance of approximately 1,070 feet. The 

proposed alignment of the nearshore slurry wall, which will be further evaluated in the RD, would capture 

the three identified groundwater plumes in IR-02 Northwest and Central, as well as the shoreline sections 

in between the groundwater plumes. This conservative alignment was selected based on the area's past 

use as a disposal area for industrial waste (Barajas & Associates, Inc., 2008b) and the extent of residual 

soil contamination (Figure 4-2). 

Installation of the slurry wall would require trenching 10 to 15 feet below the groundwater table to key 

the barrier into the Bay Mud aquitard. The slurry wall could be installed in saturated conditions without 

dewatering. Bentonite-amended soil would be used to construct the slurry wall. Installation of the slurry 

wall could be complicated by the likely presence of large irregular subsurface obstacles (such as rocks or 

boulders). If this alternative is selected, the RD should account for this through contingency planning; for 

example, performing pre-design studies to identify subsurface obstacles, and planning for potential 

realignment of the wall if large obstacles are encountered. 

4.3.3.2. ISB 

ISB would be implemented to remediate plumes, of organic chemicals using aerobic and anaerobic ISB 

remediation methods, as discussed below. 

Aerobic/SB 

Aerobic ISB would be used at plumes where the prominent COC are aromatic in nature, specifically 

benzene at Parcel E. It would work by stimulating oxygen-respiring microorganisms that are able to use 

the targeted COCs as a food source. Saturating the aquifer with oxygen would create favorable 

conditions for such microorganisms. Several methods are available for delivering oxygen to the 

subsurface, including oxygen sparging and oxygen release compound (ORC). The method of oxygen 

delivery could significantly influence the efficiency of aerobic bioremediation. Both of the 

aforementioned options are promising and would be examined (among others) more closely during 

develppment of the RD if this alternative is selected. For cost-estimating purposes for this alternative, 

ORC was chosen as the representative process option for aerobic bioremediation . 
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Under this alternative, the ORC would be delivered via direct injection. The ORC is injected into the 

formation under pressure through an injection tool that targets specific vertical intervals of a borehole. 

The system· would be capable of generating sufficient pressure to fracture the formation. As a result, 

hydraulic fracturing could be conducted in any injection interval. Substrate would be injected into the 

saturated zone of the A-aquifer within the lateral extent shown on Figure 4-11. Approximately 0.4 acres 

would be planned for aerobic treatment, not including the area contained within IR-03. 

Once injected, ORC hydrolyzes to maintain a steady concentration of dissolved oxygen in the aquifer for 

approximately 1. to 2 years. The ORC dosage was modeled conservatively using maximum plume 

concentrations, so it is anticipated that only a single treatment would be required to achieve target 

endpoints (to be developed by the Navy and regulatory agencies during the RD). Based on maximum 

observed concentrations and half-lives of the target COCs, it is estimated that aerobic bioremediation 

would meet the intermediate remediation endpoints in about 2 years (based on professional judgment and 

past experience). ISB performance monitoring would continue until intermediate remediation endpoints 

were met and no rebound was observed even after depletion of amendments. In the costing assumptions 

for this alternative, this duration was assumed to be 2 years. 

Quarterly progress monitoring would be performed during the aerobic phase (the 2-year active 

remediation period). For cost-estimating purposes, an additional four wells were added to the monitoring 

well network in the area of aerobic ISB implementation (benzene plume) show11 on Figure 4-11. These 

wells would alsd be monitored during the MNA phase, which is described in more detail later in this 

section .. 

Anaerobic /SB 

Anaerobic ISB would be used for all plumes where the COC are associated with chlorinated solvents. 
I . 

Anaerobic ISB is typically used to target chlorinated alkenes (such as TCE) and alkanes (such as 

1,2-DCA) by stiAiulating dechlorinating microorganisms. Reductive dechlorination is the mechanism by 

which chlorinate:cl compounds are biodegraded into less harmful constituents such as ethene and ethane. 

Anaerobic condi:tions would be produced by introducing a substrate ( or food source). The substrate 

would fuel aerobic microorganisms and cause them to quickly deplete available oxygen. Anaerobic 

microorganisms 1would then multiply in the anoxic environment and destroy the targeted chemicals 
,I 

through a varietY: of mechanisms, including direct metabolism, cometabolism, and halorespiration. 

Hydrogen is a key component in anaerobic contaminant degradation during reductive dechlorination. 

Hydrogen releas~ compound (HRC) is an electron donor that, when hydrated, is specifically designed to 

produce a contrc:>lled release of lactic acid. The resulting lactic acid is critical for the production of 

hydrogen to fuel.anaerobic biodegradation processes in groundwater. Therefore, HRC acts as a reducing 

agent and a hydrogen-producing agent. 
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Some aromatic compounds (such as benzene) may also be destroyed by anaerobic degradation processes 

because they can be used by microorganisms as a food source. In addition, some metals (such as zinc) 

would be precipitated as sulfides (produced by the reduction of sulfate in groundwater). 

The method for substrate injection would be similar to that for ORC injection in aerobic ISB, described 

above. Substrate would be injected into the saturated zone of the A-aquifer within the lateral extents 

shown on Figure 4-11. Once in the subsurface, HRC resides within the soil matrix fueling reductive 

dechlorination and promoting reducing aquifer• conditions for _periods of up to 24 months or longer 

through the controlled release of lactic acid and subsequent hydrogen production. The HRC dosages used 

to produce the cost estimates were modeled conservatively using maximum plume conceptrations, so it is 

anticipated that only a single treatment would be required to achieve target endpoints at each plume (to be 

developed by the Navy and regulatory agencies during the RD). Based on maximum observed 

concentrations and half-lives of the target COCs, it is estimated that anaerobic bioremediation would meet 

the intermediate remediation endpoints in about 2 years (based on professional judgment and past 

experience). ISB performance monitoring would continue until intermediate remediation endpoints were 

met and no rebound was observed even after depletion of amendments. For cost-estimating purposes for 

this alternative; this duration was assumed to be 2 years. Approximately 2.6 acres is planned for 

anaerobic treatment. 

Quarterly progress monitoring would be conducted during the anaerobic phase (the 2-year active 

remediation period). For the purpose of estimating cost, the monitoring well network, in the areas of 

anaerobic ISB implementation (Building 406 TCE plume, IR-12 PCE plume, IR-04 TCE plume, and 

IR-56 TCE plume) was assumed to include an: additional 16 wells (in addition the monitoring wells in this 

area). These wells would also be monitored as part during the MNA phase, which is described in more 

detail later in this section. 

4.3.3.3. MNA 

MNA would follow implementation of ISB. MNA would continue for as long as COC concentrations 

exceed their remediation goals or until a vapor intrusion risk evaluation determines that no unacceptable 

risk to future users exists. MNA is distinguished from long-term monitoring in that MNA measures and 

evaluates the_ natural processes that reduce chemical concentrations to acceptable levels (e.g., dilution, 
. ' 

volatilization, biodegradation, adsorption, and chemical reactions with native soils); long-term monitoring 

is conducted to measure changes in chemical concentrations including byproducts (daughter compounds) 

of degradation (see Sections 3.3.2.2.4 and 3.3.2.2.5). Where MNA is implemented, MNA parameters are 

monitored for in addition to the COC and COEC monitoring prescribed by the long-term monitoring 

program. MNA parameters are collected to demonstrate that long-term biological degradation is 

occurring. If degradation is not demonstrated through site data, the use of biological activity enhancers 

(such as electron acceptors, nutrients, and electron donors) may be required to enhance the MNA process . 
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For the purpose of the cost estimate, it was assumed that the active bioremediation period would last for 
I 

2 years. After tliat time, MNA would begin and sampling would continue at all wells used to conduct 

performance mcinitoring of the ISB, semiannually for the first 2 years and annually thereafter 

(for 26 years). IDuring the third year of MNA, a 5-year review of the monitoring program would be 

conducted. It, is ;assumed that following the review, the monitoring program for these plumes would be 

reduced by the number of wells added to monitor the performance of the ISB. Proof-period monitoring in 

the final 2 years of MNA (years 30 and 31) would include all wells used in the baseline monitoring event. 

The details of the groundwater monitoring approach for MNA are discussed further in Appendix C. 

4.3.3.4. Engineering Controls 

Engineering controls applicable to groundwater are included in those described for soil and shoreline 

sediment (see Section 4.2.2.7). 

4.3.3.5. Radiological Controls 

Intrusive activities contemplated under Alternative GW-3A would include soil excavation to install a 

slurry wall, installing injection wells, and decommissioning and installing monitoring wells. Applicable 

radiological control procedures for Alternative GW-3A would be as described for Alternatives S-2 and 

GW-2 (see Sections 4.2.3.1 and 4.3.2.4). 

4.3.3.6. Long-Term Monitoring 

Long-term monitoring would be conducted to measure changes in chemical concentrations in 

groundwater. Long-term monitoring applicable to Alternative GW-3A is the same as that described for 

Alternative GW-2 (see Section 4.3.2 and Appendix C). 

4.3.3.7. Alternative GW-3A Considerations 

The following considerations apply for Alternative GW-3A: 

• Plume conditions may continue to change over time as a result of the continued effects of 
treatability studies and natural processes. Delineation of areas requiring treatment may require 
revision. 

• Injection of substrate or other amendments under pressure could fracture the formation and 
consequently enhance permeability: ·tliis is the only type of permeability enhancement planned. 
The benefit of a dedicated permeability enhancement event may be explored during the RD if this 
alternative is selected. 

• The Building 406 TCE Plume, where the plume source is most extensive relative to other plumes 
at the site, has the highest probability of experiencing post-bioremediation rebound. If rebound 
occurs, repeated implementations of anaerobic substrate injections could be considered, but may 
not be the most time- and cost-effective approach for remediating the plume. Additional ISB 
treatments at this plume were not included in the cost estimate for this alternative because the 
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■ 

modeling does not demonstrate the need for additional treatments. During development of the 
RD, additional source delineation may help determine if additional injection treatments are 
warranted. Alternative GW-3B and GW-4 offer other.solutions for addressing this particular 
plume using alternative technologies. These alternatives are described Sections 4.3.4 and 4.3.5. 

Mobilization of metals was notfactoreq into the estimation ofbioremediation durations. Some 
metals, such as arsenic and manganese, may become more soluble under reducing conditions 
produced by anaerobic bioremediation. However, these metals are expected to stabilize when the 
aquifer's redox potential returns to background levels. This stabilization was observed during a 
GWTS at Parcel e (Shaw, 2005). eoEes such as zinc would be immobilized because of the 
reduction of dissolved sulfates to sulfide during anaerobic bioremediation. If determined 
necessary during the RD, metals could be further immobilized by the use of special substrates. 
Special substrates with sulfur-containing compounds would react with dissolved metals to form 
stable, insoluble complexes. 

4.3.4. Alternative GW-3B: Groundwater Containment, In-Situ Bioremediation, Zero
Valent Iron Reduction, Monitored Natural Attenuation, and Institutional Controls 

I 
Alternative GW-3B consists of five retained process options: (1 )' groundwater containment, (2) anaerobic 

and aerobic ISB, (3) in-situ chemical reduction using ZVI, ( 4) MNA, and (5) institutional controls. This 

alternative attempts to more efficiently achieve remediation compared with Alternative GW-3A by using 

ZVI to address the voe concentrations at the Building 406 TeE plume, which contains the highest and 

most laterally extensive voe concentrations at Parcel E. Because the risk of post-bioremediation 

rebound is highest at this plume, the cost and duration to remediate this plume could increase 

significantly. This would occur if a single ISB implementation does not have the treatment capacity to 

fully address the contaminant source at this plume and additional substrate injections are required. For 

this reason, a more aggressive treatment technology was incorporated into Alternative.GW-3B to address 

the Building 406 TeE plume. Otherwise, this alternative is identical to Alternative GW-3A. As with 

Alterna!ive GW-3A, groundwater would be monitored during the in-situ treatment and natural attenuation 

·phases of this alternative and institutional controls would be applied. 

Figure 4-12 shows the ·area of contaminated groundwater and the targeted treatment area for ZVI, in 

addition to ISB, as described in Alternative GW-3A. Remediation endpoints are intermediate goals that 

mark the end of active remediation and· the beginning of MNA. Remediation endpoints would be 

developed by the Navy and regulatory agencies during the RD if this alternative is selected. 

Prior to or during the RD, source-zone characterization would be conducted to refine the extent of the 

most contaminated areas as described in Alternative GW-3A, using soil gas sampling and analysis, and 

resulting in installation of new monitoring wells needed for this alternative. Samples would be collected 

from all wells in the· monitoring program to establish a baseline before implementing ISB. As described 

for Alternative GW-3A, groundwater containment using a slurry wall is included in this alternative, and 
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would be combined with a low-permeability cover at the IR-02 Northwest and Central removal action 

area (as described in Section 4.3.3.1 ). 

The following d9scription of remedial activities is not intended to identify a sequence to be followed 

during implementation. The RD and associated work plan(s) would allow for dynamic decision-making -.,, 

in the field. Fina} decisions on the extent of use of these technologies may be made during the RD. 

' 4.3.4.1. Groundwater Containment· 

Groundwater containment in Alternative GW-3B is the same as that described in Alternative GW-3A. 

The containment system includes a downgradient slurry wall at IR-02 Northwest metals and PCB plumes 

in conjunction with a low-permeability cap at the IR-02 Northwest and Central removal action area. 

4.3.4.2. ISB . 

. ISB would be implemented as described in Alternative GW-3A and shown on Figure 4-12. At ,, 

Building 406, however, ISB would be replaced with ZVI treatment. 

' 

4.3.4.3. ZVI Reduction 

ZVI reduction would be performed within and downgradient from the plume at Building 406 to quickly 

and cost-effectively remediate organic groundwater contamination. ZVI is typically used to target 

• 

chlorinated ethenes and ethanes in parts of the plumes with the highest concentrations. ZVI has been • 

successfully implemented at HPS in the past (TtEMI, 2003b; ITSI, 2005). 

As discussed in Section 2.1.3.4.2, another GWTS using ZVI was conducted at Parcel E in 2009 and 2010 
,, 

(Shaw, 2011). The approach and cost assumptions developed for this alternative are consistent with 

usage rates at other HPS sites. Assumptions are presented in Appendix E. If this alternative is selected, 

the GWTS and RD will define the parameters needed for final planning and costing of ZVI. 

4.3.4.4. Monitored Natural Attenuation 

MNA would continue for as long as COC concentrations exceed their remediation goals or until a vapor 

intrusion risk e~aluation concludes that an unacceptable risk to future users no longer exists. If ,, 

degradation is J!ot demonstrated through site data, the use of biological activity enhancers (such as 

electron accepto~s, nutrients, and electron donors) may be required to enhance the MNA process. For the 

purpose of the cost estimate, it was assumed that the active ZVI treatment period would last for 1 year. 

After that time, MNA would begin and sampling would continue at all wells used to conduct performance 

monitoring of the ZVI treatment; semiannually for the first 3 years and annually thereafter (for 26 years). 

During the fourth year of MNA, a 5-year review of the monitoring program would be conducted. It is 

assumed that following that review, the monitoring program for the Building 406 TCE plume will be 

reduced by the tjumber of wells added to monitor the performance of the ZVI treatment. Proof-period 
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monitoring in the final 2 years of MNA (years 30 and 31) wo~ld include all wells used in the baseline . 

monitoring event. The details of the groundwater monitoring approach for MNA are discussed further in 

Appendix C. 

4.3.4.5. Institutional Controls 

Institutional controls applicable to groundwater are included in those described for soil and shoreline 

sediment (see Section 4.2.2. 7). 

4.3.4.6. Engineering Controls 

Engineering controls applicable to groundwater are included those described for soil and shoreline 

sediment (see Section 4.2.2. 7). 

4.3.4.7. Radiological Controls 

Intrusive activities contemplated under Alternative GW-3B would include soil excavation to install a 

slurry wall, installing injection wells, and decommissioning and installing monitoring wells. Applicable 

radiological control procedures for Alternative GW-3B would be as described for Alternatives S-2 and 

GW-2 (see Sections 4.2.3.1 and 4.3.2.4). • 

4.3.4.8. Long-Term Monitoring 

• Groundwater monitoring to observe the progress of remediation would begin a few months after the ZVI 

injection event. For the purpose of estimating cost, it is assumed that remediation monitoring would 

proceed quarterly for 1 year following ZVI treatment. For purposes of costing, eight wells were added to 

this plume for ZVI performance monitoring and natural attenuation monitoring; these would be new wells 

that do not currently exist at Parcel E. 

• 

Beyond the monitoring requirements unique to ZVI treatment, long-term monitoring will be conducted as 

described for Alternative GW-2 (see Section 4.3.2 and Appendix C). 

Alternative GW-3B Considerations 

The following considerations apply for Alternative GW-3B: 

■ Plume conditions may continue to change over time as a result of the continued effects of 
treatability studies and natural processes. Delineation of areas requiring treatment may require 
rev1s1on. 

■ Injection of substrate or other amendments under pressure could fracture the formation and 
consequently enhance permeability. This is the only type of permeability enhancement planned. 
The benefit of a dedicated permeability enhancement event may be explored during the RD if this 
alternative is selected . 
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4.3.5. Alternative GW-4: Groundwater Containment, Air Sparging, In-Situ 
Bioremediation, Monitored Natural Attenuation, and Institutional Controls· 

Alternative GW-4 consists of five retained process options: (1) groundwater containment, (2), atr 

sparging, (3) ISB, (4) MNA, and (5) institutional controls. As with Alternative GW-3B, this alternative 

provides a more aggressive treatment technology to address the Building 406 TCE plume. Air sparging 

as considered to address this plume because it would be relatively easy to implement if containment and 

SVE are implemented at this location under a soil alternative. This alternative could integrate soil and 

groundwater remediation at Building 406. This alternative would only be implemented if the SVE 

alternative for soil (Alternative S-4) is selected for implementation. Following is a description of the air 

sparging process option. Figure 4-13 shows the configuration of the elements for Alternative GW-4. 

4.3.5.1. Groundwater Containment 

Groundwater containment in Alternative GW-4 is the same as that described for Alternatives GW-3A and 

GW-3B. The c~ntainment system includes a downgradient slurry wall at IR-02 Northwest metals and 

PCB plumes in conjunction with a low-permeability cap at the IR-02 Northwest and Central removal 

action area. 

4.3.5.2. 
~ 

Air Sparging 

• 

Air sparging is included as part of this groundwater alternative to address the synergistic use of the soil • 

SVE alternative by stripping VOCs from groundwater (see Alternative S-4). Air sparging would be 

added to the SVE to strip VOC contamination from groundwater and enhance the SVE effectiveness. The 

targeted area for SVE and air sparging is the Building 406 TCE plume, as shown on Figure 4-13. 

Because greater lateral dispersion of the air is likely in fine-grained soil and can result in lateral 

displacement of the groundwater and contaminants, it was assumed that one sparge well per extraction 

well pair would be adequate to transfer VOCs from groundwater to soil gas without necessitating active 

groundwater control at the periphery of the plume. The air sparging system was assumed to require 

16 sparge wells (to complement 32 extraction wells installed under Alternative S-4). A sparge 

well spacing of 50 feet was assumed to align the sparge wells with the SVE spacing assigned in 

Alternative S-4. If this alternative is selected, this spacing would be refined during development of the 

RD through field testing and performance of an SVE and air sparging pilot-scale study. 

Only the incremental capital cost to install the sparge wells and equipment was included in 

Alternative GW-4 to complement implementation of SVE covered under Alternative S-4. It was assumed 

that the operatio~al period for the system would be 3 years. The field studies performed in advance of 

implementingsufh an alternative would pelp predict this duration more accurately. 

~-;~.~· 
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4.3.5.3. ISB 

ISB would be implemented as described in Alternative GW-3A and shown on .Figure 4-11. At 

Building 406, however, it would be replaced with air sparging treatm~µt to complement SVE, if 

implemented under soil Alternative S-4. 

4.3.5.4. · MNA 

MNA would continue for as long as COC concentrations exceed their remediation goals or until a vapor 

intrusion risk evaluation concludes that an unacceptable risk to future users no longer exists. If 

degradation is not demonstrated through site data, the use of biological activity enhancers (such as 

electron acceptors, nutrients, and electron donors) may be required to enhance the MNA process. For the 

purpose of the cost estimate, it was assumed that the active SVE and air sparging treatment period would 

last for 3 years. After that time, MNA would begin and sampling would continue at all wells used to 

conduct performance monitoring of the SVE and air sparging system, semiannually for the first year and 

annually thereafter (for 26 years). During the second year of MNA, a 5-year review of the monitoring 

program would be conducted. It is assumed that following the review, the monitoring program for the 

Building 406 TCE plume will be reduced by the number of wells added to monitor the performance of the 

SVE and air sparging system. Proof-period monitoring in the final 2 years of MNA (years 30 and 31) 

would include all wells used in the baseline monitoring event. The details of the groundwater monitoring 

approach for MNA are discussed further in Appendix C . 

4.3.5.5. Institutional Controls 

Institutional controls applicable to groundwater are included in those described for soil and shoreline 

sediment (see Section 4.2.2.7). 

4.3.5.6. Engineering Controls 

Engineering controls applicable to groundwater are included in those described for soil and shoreline 

sediment (see Section 4.2.2.7). 

4.3.5.7. Radiological Controls 

Intrusive activities contemplated under Alternative GW-4 would include soil excavation to installing a 

slurry wall, installing injection wells, installing air sparging points, and decommissioning and installing 

monitoring wells. Applicable radiological control procedures for Alternative GW-4 would be as 

described for Alternatives S-2 and GW-2 (see Sections 4.2.3.1 and 4.3.2.4). 

4.3.5.8. Long-Term Monitoring 

Groundwater monitoring to observe the progress of remediation would begin after the SVE and air 

sparging system is operational. For the purpose of estimating cost, it is assumed that remediation 

N:\Projects\2005 Projectsl25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\FinalParcelE_FS.docx 

ERRG-6011-0000-0006 4-29 .. ,, 

ERRG 



Section 4 Development and Description of Remedial Alternatives 

monitoring would occur quarterly the first 2 years the SVE and air sparging system is operated and 

semiannually during the third year of operation. For purposes of costing, eight wells were added to this 

plume for SVE and air sparging performance monitoring and natural attenuation monitoring; these would 

be new wells that do not currently exist at Parcel E. Long-term monitoring otherwise will be conducted• 

as described for Alternative GW-2 (see Section 4.3.2 and Appendix C). 

4.3.S.9:>, · Alternative GW-4 Considerations 

The following considerations apply for Alternative GW-4: 

4.4. 

■ Plume conditions may continue to change over time as a result of the continued effects of 
treatability studies and natural processes. Delineation of areas requiring treatment may require 
revision.; 

■ 

■ 

The presynce of heterogeneous fill material could pose challenges in effectively removing and 
treating voes from groundwater_ through air sparging. 

Injection_ of air under high pressure would increase voe emissions that would be need to be 
captured by SVE wells. The presence of heterogeneous fill material could pose challenges in 
adequately capturing voe emissions from the unsaturated zone. 

DESCRIPTION OF NAPL REMEDIAL ALTERNATIVES FOR IR-03 

• 

IR-03, the former oil reclamation ponds, contains NAPL that is highly viscous, present over a large area, • 

and may be over 10 feet thick in some locations (Barajas & Associates, Inc., 2008b ). The site contains 

metals, voes, SVOCs, PeBs, and TPH in soil and groundwater at concentrations that pose a risk to 

humans and wildlife. As discussed in Section 2.3.1, the Navy performed additional characterization of 

NAPL at IR-03 in September and October 2011, along with a subsequent bench-scale treatability study, in 

accordance with;a work plan that was approved by the regulatory agencies (ITSI, 2011). The Navy is 

preparing a repoh, concurrent with the final version of this F~ Report, summarizing the results of the 

additional charatjterization and the bench-scale treatability study. The Navy expects that the additional 

characterization knd bench-scale testing will help refine the NAPL remediation approach at IR-03. For 

example, the additional characterization will refine the nature and extent of NAPL at IR-03, and thereby 

help refine the approach for future source removal and treatment. In addition, the bench-scale testing will 

provide information regarding the effectiveness of thermally-enhanced NAPL extraction; preliminary. 

results indicate that the site conditions at IR-03 may not be conducive to performing thermally-enhanced 

NAPL extraction in a cost-effective manner. Once the findings of the study are reviewed, the Navy will 

consult with the regulatory agencies to determine whether additional characterization or a pilot-scale 

treatability study is necessary to refine the remediation approach at IR-03. 

The Navy believes that there is adequate information to develop and evaluate, in accordance with the 

NeP, an appropriate range of remedial alternatives to address NAPL and associated groundwater and soil 
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at IR-03. However, because the complex site conditions result in some uncertainty regarding the 

effectiveness and implementability of certain remediation technologies, the remedial alternatives 

incorporate a broad range of removal and treatment technol~gies that could be used in combination to 

cost-effectively achieve the NAPL RA Os identified in Section 3 .1 .4. 

Seven remedial alternatives were developed for NAPL1 as shown in Table 4-6 and listed below. 

• Alternative N-1: No Action 

■ Alternative N~2: Source Containment, Long-Term Monitoring, and Institutional Controls 

■ Alternative N-3: Source Removal or Treatment, Containment, Monitored Natural Attenuation, 
and Institutional Controls 

■ Alternative N-4A: Source Removal or Treatment, Groundwater Treatment by In-Situ 
Bioremediation, Containment, Monitored Natural Attenuation, and Institutional Controls· 

• Alternative N-4B: Source Removal or Treatment, Groundwater Treatment by Steaming, 
Containment, Monitored Natural Attenuation, and Institutional Controls 

■ Alternative N-5: Source Removal by Excavation and NAPL Extraction/Treatment, Groundwater 
Treatment by In-Situ Bioremediation, Monitored Natural Attenuation, and Institutional Controls 

■ Alternative N-6: Source Removal by Excavation, Monitored Natural Attenuation, and 
Institutional Controls 

These alternatives are described in the following sections and are summarized in Table 4-6. It should be 

noted that, although not mentioned in the titles, each of the action alternatives (N-2 through N-6) includes 

engineering controls and monitoring. The cost estimates for the NAPL alternatives are based on several 

technical assumptions that are described below. These assumptions result in relatively conservative cost 

estimates that are adequate to support a comparative evaluation relative to the NCP criterion. 

First, for the NAPL alternatives including a source removal or treatment component, the cost estimates 

assume those activities are limited to the area within the IR-03 site boundary, where the distribution of 

NAPL is believed to be the most extensive. NAPL associated with the former oil reclamation ponds is 

present outside the IR-03 boundary and the cost estimates for Alternatives S-3 and S-4 assume these areas 

will be addressed by excavation and off-site disposal. During development of the RD, the source removal 

area targeted by the NAPL alternatives may be increased or decreased based on additional 

characterization results, and would be balanced by a corresponding decrease or increase in excavation and 

off-site disposal under the soil alternatives. 

Second, for the NAPL alternatives addressing IR-03 groundwater contamination, the cost estimates assume 

groundwater containment and in-situ treatment are limited to the area within the IR-03 site boundary, where 

COC concentrations are known to be highest. Portions of the IR-03 plume containing TPH and recalcitrant 

• COCs are present beyond the IR-03 boundary. The cost estimates for Alternatives S-3 and S-4 assume these 
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areas would be addressed by source removal (excavation and off-site disposal) (see Figure 4-4), and the cost 

estimates for Alternatives N-3 through N-6 assumes these areas would be addressed by MNA. During 

development of the RD, the containment and in-situ treatment area targeted by the NAPL alternatives may 

be increased or decreased based on additional characterization results, and would be balanced by a 

corresponding decrease or increase in excavation and off-site disposal under the soil alternatives. 
I • 

Third, for the NAPL alternatives including a source removal or treatment component, the cost estimates 
-~~-· -

assume that thermally-enhanced NAPL extraction will be used as the primary remediation technology. 

As previously discussed, the Navy is currently evaluating bench-scale test results regarding thermally

enhanced NAPL!extraction. Once the findings of the study are reviewed, the Navy will consult with the 

regulatory agencies to determine whether a pilot-scale treatability study is necessary to further evaluate 

the viability of thermally-enhanced NAPL extraction at IR-03. In the absence of further information, this 

FS Report retains thermally-enhanced NAPL extraction as the primary remediation technology for source 

removal at IR-03. This technology represents an upper bound of the level of effort (and corresponding 

cost) for NAPL source removal. The NAPL alternatives provide flexibility to incorporate other 

remediation technologies to remove·· or treat the NAPL source in a cost-effective manner; however, 

potential changes in the remediation approach would not affect the prescribed accuracy of the cost 

estimates, as specified in EPA guidance (+50/-30 percent) (EPA, 2000). 

4.4.1. Alternative N-1: No Action 

Under Alternative N-1, there would be no response action. NAPL would be left as is, without 

implementing any institutional controls, containment, removal, treatment, monitoring, or other mitigating 

actions. The no-action alternative is retained throughout the evaluation process as required by the NCP to 

provide a baseliri:e for comparison with other alternatives. 

4.4.2. Alternative N-2: Source Containment, Monitoring, and Institutional Controls 

Alternative N-2 consists of source containment, followed by long-term groundwater monitoring and 

institutional controls. Source containment would be achieved by (1) limiting infiltration and direct 
I 

exposure with an engineered cover, and (2) isolating the NAPL source and contaminated groundwater 

with a vertical subsurface barrier. Long-term groundwater monitoring would provide information on the 

size and behavior of COC plumes to be used in preventing contaminant discharge to San Francisco Bay. 

Institutional controls, consisting primarily of restrictive covenants identifying specific land use and 
! 

activity restricti6ns (as described in Section 3.3.2.1.2), would be implemented to prevent exposure to 

potential unacceptable risks posed by COCs in soil and groundwater. The institutional controls would be 

a combination of those presented Alternative S-2 and those for Alternative GW-2. Further explanation of 

institutional controls is provided in Section 3.3.2.1.2. Institutional controls specific to this alternative 

would be described in greater detail in a LUC RD document. 
1! 
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The following description of remedial activities proposed under this alternative is not intended to identify 

a sequence to be followed during implementation. If this alternative is selected, the RD would refine the 

implementation approaches, and develop optimization strategies to allow for appropriate adjustments 

based on site conditions. 

4.4.2.1. Source Cont~inment 

Groundwater Containment 

Similar to Alternative GW-3A, groundwater containment would be achieved by installing a low

permeability cut-off wall, such as a slurry or sheet-pile wall, to limit horizontal groundwater flow through 

IR-03. For cost-estimating purposes, the slurry wall technology was selected. The conceptual design for 

the groundwater containment system is shown on Figure 4-14. The location of the nearshore slurry wall 

would encircle the IR-03 site boundary and would extend into other adjoining areas with significant 

NAPL. The wall would be constructed within 30 feet of San Francisco Bay and its perimeter would be 

approximately 885 feet, enclosing a 52,691-square-foot area. 

Installation of the slurry wall would require trenching to a depth of 10 to 15 feet below the groundwater 

table to key the barrier into the Bay Mud aquitard. The slurry wall could be installed in saturated 

conditions without dewatering. Bentonite-amended soil would be used to construct the slurry wall. 

Installation of the slurry wall could be complicated by the likely presence of large irregular subsurface 

obstacles (such as rocks, boulders, and debris). The RD should account for this through contingency 

planning; for example, performing pre-design studies to identify subsurface obstacles, and planning for 

potential realignment of the wall if large obstacles are encountered. 

The proposed groundwater containment system (Figure 4-14) would only provide containment for 

groundwater contamination within the IR-03 boundary (contained within the slurry wall). Groundwater 

contamination outside the IR-03 boundary would be addressed as described in Section 4.4. 

Covers 

IR-03 is equipped with an engineered cover consisting of GCL covered with a layer of topsoil. During 

RD, the existing cover would be evaluated to determine whether it could meet the low-permeability 

performance standards for IR-03. For cost-estimating purposes, this alternative assumes that the existing 

cover would be replaced. 

4.4.2.2. Long-Term Groundwater Monitoring 

Groundwater monitoring would be performed consistent with the approach presented for 

Alternative GW-2. Groundwater monitoring would continue for as long as COC concentrations exceed 

their remediation goals. About 5 years after the end of remediation, the number of wells to be monitored 

• would be reduced to a third of the total. For cost-estimating purposes, it is assumed that monitoring 

N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\Fina1ParcelE_FS.docx 

ERRG-6011-0000-0006 4-33 

ERRG 



Section 4 Development and Description of Remedial Alternatives 

would proceed until the end of year 30. Proof-period monitoring in years 29 and 30 would include all 

wells used in the baseline monitoring event. The groundwater monitoring plan is discussed conceptually 

in Appendix C. 

4.4.2.3. Institutional Controls 

Institutional controls for Alternative N-2 are the same as those for the Alternatives S-2 and GW-2. 

4.4.2.4; Rad~ological Control Procedures 

As with the soil ll;nd groundwater alternatives, radiological control procedures must be implemented under 

the IR-03 NAP1, alternatives in areas designated as "radiologically impacted_;, Intrusive activities 

contemplated udder Alternative N-2 would include excavation and decommissioning and installing 
l . 

monitoring wells'. Applicable radiological control procedures for Alternative N-2 would be as described 

for Alternatives S-2 and GW-2 (see Sections 4.2.2.4 and 4.3.2.4). 

4.4.2.5. Considerations for Alternative N-2 

The following considerations apply for Alternative N-2: 

• . Plume conditions may continue to change over time as a result of the continued effects of 
treatability studies and natural processes. Delineation of areas requiring treatment may require · 
rev1s10n. 

■ 

■ 

Installation of the slurry wall could be complicated by the likely presence of large irregular 
subsurface obstacles (such as rocks, boulders, and debris) and by proximity to the shoreline. 

The poteµtial presence ofNAPL adjacent to the shoreline or well beyond the IR-03 site boundary 
may exist. 

I' 

4.4.3. Alternative N-3: Source Removal or Treatment, Containment, Monitored Natural 
AttenuJtion, and Institutional Controls · 

11 

Alternative N-3 'consists of a combination of source removal or treatment, containment, MNA, and 

institutional controls. The NAPL source would be removed or treated using multiple process options 

including excavation with off-site disposal, in-situ stabilization, and thermally-enhanced extraction with 

off-site disposal. These actions would remove or treat the NAPL source to extent practical, but residual 

concentrations of chemicals posing a risk to humans and wildlife are expected to remain in the subsurface 

based on the nature and extent of NAPL contamination. The migration of these chemicals would be 

controlled through the containment portion of this remedial alternative. Remediation of any residual 

contamination would occur through MNA. 

Figure 4-15 shows the configuration of the elements for Alternative N-3 which, as previously described, 

assumes that thermally-enhanced NAPL extraction will be used as the primary remediation technology to 
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Section 4 Development and Description of Remedial Alternatives 

provide an upper bound of the level of effort (and corresponding cost) for NAPL source removal. The 

vertical containment barrier would serve an essential role in improving the effectiveness of the thermal 

enhancement process. The high-permeability fill material at IR-03 suggests that a containment structure 

(vertical containment barrier) would significantly reduce heat loss to the surrounding area, therefo~e 

improving the efficiency of NAPL removal by thermal enhancement. 

The institutional controls would be a combination of those presented Alternative S-2 and those for 

Alternative GW-2. Further explanation of institutional controls is provided in Section 3.3.2.1.2. 

Institutional controls specific to this alternative would be described in greater detail in a LUC RD 

document if this alternative is selected . 

. _ The following description of remedial activities proposed under this alternative is not intended to identify 

a sequence to be followed during implementation. If this alternative is selected, the RD would refine the 

implementation approaches and develop optimization strategies to allow for appropriate adjustments 

based on site conditions. 

4.4.3.1. Source Removal or Treatment 

The Navy's evaluation of removal and treatment options for IR-03, as detailed in Sections 3.3.2.3.5 and. 

3.3.2.3.6 (and summarized in Table 3-11 ), identified several viable process options including excavation 

with off-site disposal, in-situ stabilization, and thermally-enhanced extraction with off-site disposal. Each 

of these options offers some advantages for addressing the NAPL source at IR-03, but the performance of 

each of these options may also be constrained by several disadvantages related to site-specific conditions. 

· Table 4-7 summarizes the projected performance of the retained process options for the NAPL source at 

IR-03. Consistent with this evaluation, Alternative N-3 incorporates a range of removal and treatment 

options to cost-effectively address the NAPL source at IR-03. 

As previously discussed, the Navy is currently evaluating bench-scale test results regarding thermally

enhanced NAPL extraction. Once the findings of the study are reviewed, the Navy will consult with the 

regulatory agencies to determine whether a pilot-scale treatability study is necessary to further evaluate 

the viability of thermally-enhanced NAPL extraction at IR-03. In the absence of further information, this 

FS Report retains thermally-enhanced NAPL extraction as the primary remediation technology for source 

removal at IR-03. This technology represents an upper bound of the level of effort (and corresponding 

cost) for NAPL source removal. Alternative N-3 provides flexibility to incorporate other remediation 

technologies to remove or treat the NAPL source in a cost-effective manner; however, potential changes 

in the remediation approach would not affect the prescribed accuracy of the cost estimates, as specified in 

EPA guidance (+50/-30 percent) (EPA, 2000). 

The cost estimate for Alternative N-3 assumes that the NAPL source at IR-03 would be extracted using 

(1) thermally-enhanced techniques to lower the viscosity of the NAPL and increase its mobility, and 
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Section 4 Development and Description of Remedial Alternatives 

(2) dual-phase (groundwater/soil vapor) extraction to recover NAPL from the subsurface. It should be 

reiterated that although the NAPL source at IR-03 extends beyond the IR-03 site boundary, the source 

removal portion of this alternative focuses on the area within the IR-03 site boundary, where the NAPL 

distribution is believed to be the most extensive. NAPL outside the IR-03 site boundary (i.e. outside the 

slurry wall) will be addressed by the excavation and off-site disposal proposed under soil Alternatives S-3 

and S-4 (see Fig~re 4-4). The proposed source removal approaches within and beyond IR-03 boundary 

would be adjuste~ in the RD. 

As discussed above, the RD would develop optimization strategies to allow for appropriate adjustments 

based on site conditions. Figure 4-16 presents a preliminary decision tree to guide the optimization 

process associated with thermally-enhanced NAPL extraction. 

Alternative N-3 assumes the use of electrical-resistive heating (ERH) to reduce NAPL viscosity with heat, 

rendering the NAPL more mobile for extraction through an extraction well and pumping system. ERH 

was selected as ~ representative thermal enhancement technology for the purposes of estimating cost for 

this FS, althoug~ other technologies such as hot water injection, thermal resistive heating, or steam 

injection could qe used to achieve the same remediation endpoint. ·selection of the specific thermal 

enhancement technology to be used for this alternative would occur during development of the RD 

through bench-scale and field-scale testing. 

• 

For this FS, it was assumed that a dual-phase extraction system would be implemented and that, once the • 

NAPL's viscosity is reduced, it would be extracted via the dual-phase extraction wells. Groundwater 

extracted with the NAPL would be separated out using an oil-water separator. The water generated 

would be treated. using a treatment technology, such as GAC adsorption, and discharged to the sanitary 

sewer. Recovere:cl NAPL would be disposed of off site. 

Vapor collected !by the extraction wells would be condensed, nonaqueous phases separated, and the 
I • 

aqueous phase tr~ated using GAC adsorption and disposed of off site. Nonaqueous material recovered 

from the vapor w.ould be treated using a catalytic oxidizer. 

For cost-estimating purposes, it is assumed that ERH would be implemented over a 2-acre area, using an 

array of an estimated 429 electrodes configured with dual-phase vapor extraction vents. Prior to 

implementing any thermal technology, investigations (such as bench-scale and field-scale testing) would 

be performed to select an appropriate heating technology and to support development of an effective 

implementation approach and sequence. Depending on the results of bench-scale and field-scale testing, 

determinations \Vould be made with respect to how implementation of the thermal enhancement 

technology shouid be phased to achieve the desired remediation endpoint in the most cost-effective and 
I . 

efficient mannerJf It is likely that all 429 electrodes would not need to be operated simultaneously, or for 

equivalent durations, to achieve the desired degree of NAPL removal. Isolated areas of heavy NAPL 
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contamination would require longer treatment durations, while areas of low-level contamination might be 

remediated in significantly shorter time periods. For cost-estimating purposes, it was assumed that all the 

eiectrodes would operate for one quarter of the treatment duration, then one quarter of the electrodes 

would be shut off during each subsequent equivalent treatment duration. It was also assumed that all 

dual-phase extraction wells across the entire treatment area would be operated throughout the entire 

treatment duration to prevent recontamination of areas already treated. 

4.4.3.2. Source Containment 

Groundwater Containment 

Similar to Alternative N-2, groundwater containment would be achieved by isolating contaminated 

groundwater using a vertical subsurface-barrier remedial technology. In this scenario, a slurry wall would 

be used. The slurry wall would extend from the ground surface to the Bay Mud and encircle the area 

where NAPL is present in the subsurface. Groundwater containment dramatically improves the' 

performance of thermally-enhanced removal processes by isolating the mass of groundwater, NAPL, and 

soil being heated and preventing excessive heat loss through groundwater movement. 

Covers 

This alternative includes replacing the existing GCL and topsoil cover, with a new cover, as outlined for 

Alternative S-2 . 

4.4.3.3. Monitored Natural Attenuation 

MNA for Alternative N-3 would be performed in the areas outlined for monitoring under Alternative N-2. · 

MNA sampling would be implemented following NAPL source removal. MNA would involve 

monitoring for a suite of parameters to track the natural degradation of groundwater contamination, in 

addition to the COC and COEC monitoring described for Alternative N-2. MNA would continue for as 

long as COC concentrations exceed their remediation goals. If degradation is not demonstrated through 

site data, the. use of biological activity enhancers (such as electron acceptors, nutrients, and electron 

donors) may be required to enhance the MNA process. For the purposes of the cost estimate, it was 

assumed that the active NAPL removal period would ·1ast for 1 year. After that time, MNA would begin 

and sampling·would continue at all wells used to conduct performance monitoring of the ERR treatment, 

semiannually for the first 3 years and annually thereafter (for 26 years). During the fourth year of MNA, 

a 5-year review of the monitoring program would be performed. The MNA monitoring frequency may be 

reduced at that time, if warranted. Proof-period monitoring in the final 2 years of MNA (years 30 and 31) 
{ 

would include all wells used in the baseline monitoring event. The details of the groundwater monitoring 

approach for MNA are discussed further in Appendix C. 
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4.4.3.4. Institutional Controls 

Institutional controls would eliminate exposure pathways, through restricting access to contamination. 

The institutional controls would be a combination of those presented Alternative S-2 and those for 

Alternative GW-2. Further explanation of institutional controls is provided in Section 3.3.2.1.2. 
,I 

Institutional controls specific to this alternative would be described .in greater detail in a LUC RD 

document if this alternative is selected. 

4.4.3.5. Long-Term Monitoring 

Long-term monitoring will be conducted, as described for Alternative N-2, to delineate the plume and 

monitor concentrations of chemicals and degradation products in groundwater. The long-term monitoring 

approach is provided in Appendix C. 

4.4.3.6. Rad\ological Controls 

Intrusive activities contemplated under Alternative N-3 would include soil excavation; installing 

· injection, heatirig, and extraction wells; and··· decommissioning and installing monitoring wells. 

Applicable radiological control procedures for Alternative N-3 would be as described for Alternatives S-2 

and GW-2 (see Sections 4.2.2.4 and 4.3.2.4). 

4.4.3.7. Considerations for Alternative N-3 

The following considerations apply for Alternative N-3: 

• 

• 

• 

4.4.4. 

I 

Plume cqnditions may .continue to change over time as a result of treatment and natural processes . 
Delineatfon of areas requiring MNA and long-term groundwater monitoring may require revision. 

Installation of the slurry wall ( or implementation of in-situ mixing) could be complicated by the 
likely preysence of large irregular subsurface obstacles (such as rocks, boulders, and debris) and by 
proximity to the shoreline. 

The site conditions at IR-03 pose challenges to cost-effectively address the NAPL source . 
Accordingly, this alternative incorporates a range of removal and treatment options to address the 
NAPL source. Table 4-7 identifies the removal and treatment options for IR-03, and briefly 
discusse~ the relative advantages and disadvantages of each technology. The NAPL remediation 
approac~ will be further studied (through bench-scale or pilot-scale testing) and refined during 
the RD. 1 

Alternative N-4A: Source Removal or Treatment, Groundwater Treatment by In
Situ Bioremediation, Containment, Monitored Natural Attenuation, and 
Institutional Controls 

Alternative N-4A consists of a combination of source removal or treatment, followed by groundwater 

treatment (by aerobic ISB), containment, MNA, and institutional controls. Alternative N-4A is the same 

as Alternative N-3, with addition of ISB to remediate groundwater upon completion of thermally-
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Section 4 Development and Description of Remedial Alternatives 

enhanced NAPL extra~tion. Figure 4-17 shows the configuration of the elements'for Alternative N-4A 

which, as previously described, assumes that thermally-enhanced NAPL extraction will be used as the 

primary remediation technology to provide an upper bound of the level of effort (and corresponding cost) 

for NAPL source removal. 

·The institutional controls would be a combination of those presented Alternative S-2 and those for 

Alternative GW-2. Further explanation of institutional controls is provided in Section 3.3.2.1.2. 

institutional controls specific to this alternative would be described in greater detail in a LUC RD 

document if this alternative is selected. 

The following description of remedial activities proposed under this alternative is not intended to identify 

a sequence to be followed during implementation. If this alternative is selected, the RD would refine the 

implementation approaches and develop optimization strategies to allow for appropriate adjustments 

based on site conditions. 

4.4.4.1. Source Removal or Treatment 

Un'der Alternative N-4A, thermally-enhanced NAPL extraction is assumed to be the primary remediation 

technology for source removal at IR-03. This technology represents an upper bound of the level of effort 

(and corresponding cost) for NAPL source removal. Source removal by thermally-enhanced NAPL 

extraction for Alternative N-4A would be consistent with the procedures outlined in Alternative N-3 . 

Alternative N-4A provides flexibility to incorporate other remediation technologies to remove or treat the 

NAPL source in a cost-effective manner; however, potential changes in the remediation approach would 

not affect the prescribed accuracy of the cost estimates, as specified in EPA guidance (+50/-30 percent) 

(EPA, 2000). 

4.4.4.2. ISB 

ISB will use aerobic processes to target aromatic COCs (such as benzene), as described for Alternative 

GW-3A. For this FS cost estimate, the injection point spacing was assumed to be 10 feet and the 

coverage area was assumed to be the entire area enclosed by the slurry wall. ORC injection was modeled 

to be effective'in a single application. The treatment period was assumed to be 1 year, and the treatment 

area assumed to cover approximately 2 acres. 

As explained in Section 4.4, for the purposes of this FS, in-situ treatment is limited to the area within the 

IR-03 boundary. Areas where the TPH plume extends outside the IR-03 site boundary (i.e., outside the 

slurry wall) would be addressed by source removal ( excavation and off-site disposal under soil 

-Alternatives S-3 and S-4; see Figure 4~4) and through MNA as part of the NAPL alternatives. 
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Section 4 Development and Description of Remedial Alternatives 

4.4.4.3. Source Containment 

Source containment for Alternative N-4A would be consistent with the procedures outlined for 

Alternative N-3. 

4.4.4.4. Monitored Natural Attenuation 

Similar to prior alternatives, MNA would continue for as long as COC concentrations exceed their 

remediation goals. If degradation is not demonstrated through site data, the use of biological activity 

enhancers ( such as electron acceptors, nutrients, and electron donors) may be required to· enhance the 
i1· 

MNA process. The timeframes assumed for purposes of costing are the same as those used for 

Alternative N-3. The MNA approach is discussed conceptually in Appendix C. 

4.4.4.5. Institutional Controls 

As described in Alternative N-2, institutional controls would be a combination of those presented for 

Alternatives S-2 and GW-2, and would be described in greater detail in a LUC RD document developed 

specifically for this alternative, should it be selected._ .. 

4.4.4.6. Long-Term Monitoring 

Long-term monitoring would be conducted, as described for Alternative N-2, to delineate the plume and 

monitor concentrations of chemicals and degradation products in groundwater. The long-term monitoring 

approach is provided in Appendix C. 

4.4.4.7. Radiological Controls 

Intrusive activit~es contemplated under Alternative N-4A would include soil excavation; installing 

injection, heating, and extraction wells; and decommissioning . and installing monitoring wells. 

Applicable radiological control procedures for Alternative N-4A would be as described for 

Alternatives S-2 and GW-2 (see Sections 4.2.2.4 and 4.3.2.4). 

4.4.4.8. Considerations for Alternative N-4A 

The following considerations apply for Alternative N-4A: 

■ 

■ 

Plume conditions may continue to change over tiine as a result of the continued effects of 
treatability studies and natural processes. Delineation of areas requiring treatment may require 
rev1s10n. 

Installatipn of the slurry wall ( or implementation of in-situ mixing) could be complicated by the 
likely prrsence of large irregular subsurface obstacles ( such as rocks, boulders, and debris) and by 
proximity to the shoreline. . . 
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• The site conditions at IR-03 pose challenges to cost-effectively address the NAPL source. 
Accordingly, this alternative incorporates a range of removal and treatment options to address the 
NAPL source. Table 4-7 identifies the removal and treatment options for IR-03, and briefly 
discusses the relative advantages and disadvantages of each technology. The NAPL remediation 
approach will be further studied (through bench-scale or pilot-scale testing) and refined during 
the RD. 

• Injection of substrate or other amendments under pressure could fracture the formation and 
consequently enhance permeability. This is the only type of p·ermeability enhancement planned. 
The benefit of a dedicated permeability enhancement event may be explored during the RD. 

4.4.5. Alternative N-4B: Source Removal or Treatment, Groundwater Treatment by 
Steaming, Containment, Monitored Natural Attenuation, and Institutional Controls 

Alternative N-4B consists of a combination of source removal or treatment, followed by groundwater 

tre~tme~t (by steaming), containment, MNA, and institutional controls: This alternative assumes that 

ERH can be phased to first" mobilize NAPL and then to boil (or steam) groundwater to remove the 

remaining VOCs and SVOCs in groundwater. Alternative N-4B is included to separately evaluate the 

process of using heat to steam groundwater and remove dissolved-phase chemicals. Alternative N-4B is 

the same as Alternative N-4A, except that organic chemicals in groundwater would be addressed by a 

steaming process following ERH treatment, rather than iSB. Figure 4-18 shows the configuration of the 

elements for Alternative N-4B . 

The institutional controls would be a combination of those presented for Alternatives S-2 and GW-2. 

Further explanation of institutional controls is provided in Section 3 .3 .2.1.2. ·. Institutional controls 

specific to this alternative would be described in greater detail in a LUC RD document if this alternative 

is selected. 

The following description of remedial activities proposed under this alternative is not intended to identify 
. -

a sequence to be followed during implementation. If this alternative is selected, the RD would refine the 

implementation approaches and develop optimization strategies to allow for appropriate adjustments 

based on site conditions. 

4.4.5.1. Source Removal or Treatment 

Under Alternative N-4B, thermally-enhanced NAPL extraction is assumed to be the primary remediation 

technology for source removal at IR-03. This technology represents an upper bound of the level of effort 

(and corresponding cost) for NAPL source removal. Source removal by thermally-enhanced NAPL 

extraction for Alternative N-4B would be consistent with the areas and procedures outlined in Alternative N-3. 

Alternative N-4B provides flexibility to incorporate other remediation technologies to remove or treat the 

NAPL source in a cost-effective manner; however, potential changes in the remediation approach would 
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not affect the prescribed accuracy of the cost estimates, as specified in EPA guidance (+50/-30 percent) 

(EPA, 2000). 

Following NAPL removal, the amount of electricity fed to the subsurface ERH array would be increased 

enough to vaporize the groundwater. Vapor generated would be extracted via the same dual-phase 

extraction wells used to conduct the source removal. Collected vapor would be condensed, nonaqueous 

phases separated, and the aqueous phase treated with GAC adsorption and disposed of off site. Vapor 

treatment would be performed using a catalytic oxidizer. It is anticipated that the steaming phase of 

remediation would be implemented for a period of 6 months. 

4.4.5.2. Sou11ce Containment 

Source contaimrtent for Alternative N-4B would be consistent with the procedures outlined for 
I 

Alternatives N-3 and N-4A. 

4.4.5.3. Monitored Natural Attenuation 

Similar to prior alternatives, MNA would continue for as long as COC concentrations exceed their 

remediation goals. If degradation is not demonstrated through site data, the use of biological activity 

enhancers (such as electron acceptors, nutrients, and electron donors) may be required to enhance the 

MNA process. The timeframes assumed for purposes of costing are the same as those used for 

Alternative N-3. The MNA approach is discussed conceptually in Appendix C. 

4.4.5.4. Institutional Controls 

As described in Alternative N-2, institutional controls would be a combination of those presented for 

Alternatives S-2 and Alternative GW-2, and would be described in greater detail in a LUC RD document 

developed specifically for this alternative, should it be selected. 

,I 

4.4.5.5. Long-Term Monitoring 

Long-term monitoring would be conducted as described for Alternative N-2 to delineate the plume and 

monitor concent~ations of chemicals and degradation products in groundwater. The long-term monitoring 

approach is provided in Appendix C. 

4.4.5.6. Radiological Controls 

Intrusive activities· contemplated under Alternative N-4B would include soil excavation; installing 

injection, heating, and extraction wells; and decommissioning and installing monitoring wells. 

Applicable · radiological control procedures for Alternative N-4B would be as described for 

Alternatives S-2 and GW-2 (see Sections 4.2.2.4 and 4.3.2.4). 
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4.4.5.7. Considerations for Alternative N-4B . 

The following considerations apply for Alternative N-4B: 

■ 

■ 

■ 

Plume conditions may continue to change over time as a result of the continued effects of 
treatability studies and natural processes. Delineation of areas requiring treatment may require 

/ revision. 

Installation of the slurry wall ( or implementation of in-situ mixing) could be complicated by the 
likely presence of large irregular subsurface obstacles (such as rocks, boulders, and debris) and by 
proximity to the shoreline. 

The site conditions at IR-03 pose challenges to cost-effectively address the NAPL source. 
Accordingly, this alternative incorporates a range ofremoval and treatment options to address the 
NAPL source. Table 4-7 identifies the removal and treatment options for IR-03, and briefly 
discusses the relative advantages and disadvantages of each technology. The NAPL remediation 
approach will be further studied (through bench-scale or pilot-scale testing) and refined during 
the RD. 

4.4.6. Alternative N-5: Source Removal by Excavation and NAPL Extraction/Treatment, 
Groundwater Treatment by In-Situ Bioremediation, Containment, Monitored 
Natural Attenuation, and Institutional Controls 

Alternative N-5 consists of a combination of source removal by excavation in the unsaturated zone, 

followed by NAPL extraction or treatment in the saturated zone, groundwater treatment (by aerobic ISB), 

containment, MNA, and institutional controls. Figure 4-19 shows the configuration of the elements for 

Alternative N-5. Alternative N-5 is the same as Alternative N-4A, but includes the excavation of all 

potential source material in the unsaturated zone. 

The institutional controls would be a combination of those presented for Alternatives S-2 and GW-2. 

Further explanation of institutional controls is provided in Section 3.3.2.1.2. Institutional controls 

specific to this alternative would be described in greater detail in a LUC RD document if this alternative 

is selected. 

, I , 

The following description of remedial activities proposed under this alternative is not intended to identify 

a sequence to be followed during implementation. If this alternative is selected, the RD would refine the 

implementation approaches and develop optimization strategies to allow for appropriate adjustments 

based on site conditions. 

4.4.6.1. Source Removal by Excavation 

NAPL and all associated soil would be excavated in the unsaturated zone area at IR-03. Excavation 

would occur to groundwater (approximately 9 feet bgs) to remove all NAPL in the unsaturated zone. The 

volume of soil for excavation is estimated to be approximately 38,933 cubic yards, and the open 

• excavation would be backfilled with the same volume of clean soil. The excavated soil containing COCs 
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would be removed from the site and transported to an appropriately permitted disposal facility. 

Radiological co11trol procedures for Alternative N-5 would be prc;,vided for the excavated area, as 

described for Alternative S-2. Detailed excavation plans would be developed in the RD. 

This excavation .would be challenging to implement because of its proximity to San Francisco Bay. 

Difficulties associated with the removal of soil include: 

■ Surface stability during excavation due to saturated soil conditions 
I 

■ Surface water control to prevent inundation resulting from tides or storm water 

■ Radiological screening, characterization, and confirmation sampling of all soils and debris 
transported from the site (for disposal and treatment) and to the site (for backfill and restoration) 

■ Destruction and replacement of all existing monitoring wells on site 

• . Drying of saturated excavated shoreline soil prior to being hauled off site for disposal 

The existing sheet-pile wall would not adequately address the difficulties associated with saturated soil 

excavation because (1) it does not. encircle the entire excavation, and (2) it does not have a cathodic 

protection system and, during the more than 13 years since its installation, the wall has likely corroded to 

a point that it would not effectively control surface water inundation. 

4.4.6.2. Source Removal or Treatment 

Under Alternative N-5, thermally-enhanced NAPL extraction is assumed to be the primary remediation 

technology for source removal at IR-03. This technology represents an upper bound of the level of effort 

(and corresponding cost) for NAPL source removal. Source removal by thermally-enhanced NAPL 

extraction for Alternative N-5 would be consistent with the areas and procedures outlined for Alternative N-3. 

Alternative N-5 provides flexibility to incorporate other remediation technologies to remove or treat the 
' 

NAPL source in a cost-effective manner; however, potential changes in the remediation approach would not 

affect the prescribed accuracy of the cost estimates, as specified in EPA guidance (+50/-30 percent) 

(EPA, 2000). 

4.4.6.3. In-Situ Bioremediation 

ISB for Alternative N-5 would be consistent with the areas and procedures outlined for Alternative N-4A. 

4.4.6.4. Source Containment 

Following excavation, source containment would be implemented. Source containment for 

Alternative N-5 would be consistent with the procedures outlined for Alternatives N-3, N-4A, and N-4B . 
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Section 4 Development and Description of Remedial Alternatives 

4.4.6.5. Monitored Natural Attenuation 

MNA for Alternative N-5 would be consistent with the areas and procedures outlined for 

Alternatives N-3, N-4A, and N-4B. 

4.4.6.6. Institutional Controls 

As described {~r Alternative N-2, institutional controls would be a combination of those presented for· 

Alternatives S-2 and GW-2, and would be described in greater detail in a LUC RD document developed 

specifically for this alternative, should it be selected. 

4.4~6.7. Long-Term Monitoring 

Long-term monitoring would be conducted, as described for Alternative N-2, to delineate the plume and 

monitor concentrations of chemicals and degradation products in groundwater. 

4.4.6.8. Radiological Controls 

Intrusive activities contemplated under Alternative N-5 would include soil excavation; installing 

injection, heating, and extraction wells; and decommissioning and installing monitoring wells. 

Applicable radiological control procedures for Alternative N-5 would be as described for Alternatives S-2 

and GW-2 (see Sections 4.2.2.4 and 4.3.2.4) . 

4.4.6.9. Considerations for Alternative N-5 

The following considerations apply for Alternative N-5: 

■ 

■ 

■ 

■ 

■ 

■ 

Maintaining stable excavation slopes and controlling surface water may complicate the 
excavation process, particularly for excavation areas adjacent to San Francisco Bay. 

Dewatering and radiological screening of saturated soil and waste ( excavated from depths near the 
groundwater table) may take a long time and require cordoning off a large area adjacent to the site. 

Plume conditions may continue to change over time as a result of the continued effects of treatability 
studies and natural processes. Delineation of areas requiring treatment may require revision. 

Installation of the slurry wall (and implementation of in-situ mixing) could be complicated by the 
likely presence of large irregular subsurface obstacles (such as rocks, boulders, and debris) and by 
proximity to the shoreline. 

The site conditions at IR-03 pose challenges to cost-effectively address the NAPL source. 
Accordingly, this alternative incorporates a range of removal and treatment options to address the 
NAPL source. Table 4-7 identifies the removal and treatment options for IR-03, and briefly discusses 
the relative advantages and disadvantages of each technology. The NAPL remediation approach will 
be further studied (through bench-scale or pilot-scale testing) and refined during the RD. 

Injection of substrate or other amendments under pressure could fracture the formation and . 
consequently enhance permeability. This is the only type of permeability enhancement planned. 
The benefit of a dedicated permeability enhancement event may be explored during the RD . 
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Section 4 Development and Description of Remedial Alternatives 

4.4.7. Alternative N-6: Source Removal by Excavation, Monitored Natural Attenuation, 
and Institutional Controls 

Alternative N-6 would consist of a combination of source removal by excavation in the unsaturated and 

saturated zones, followed by MNA, and institutional controls. Figure 4-20 shows the configuration of the 

elements for Alternative N-6. Alternative N-6 considers excavating to and below the groundwater table 

.with the objective ofremoving the entire NAPL source and achieving clean closure ofIR-03. 

The institutional controls would be a combination of those presented for Alternatives S-2 and GW-2. 

Further explanation of institutional controls is provided in Section 3.3.2.1.2. Institutional controls 

specific to this alternative would be described in greater detail in a LUC RD document if this alternative 

is selected. 

The following description of remedial activities proposed under this alternative is not intended to identify 

a sequence to be followed during implementation. If this alternative is selected, the RD would refine the 

implementation ~pproaches and develop optimization strategies to allow for appropriate adjustments 

based on site conditions. 

4.4.7.1. Souice Removal by Excavation 
,, 

NAPL and all associated soil would be excavated in the unsaturated and saturated zones at IR-03. ,, 

• 

Excavation wouitd occur to approximately _35 feet bgs to remove all NAPL, to the extent feasible. The • 

volume of soil for excavation is estimated to be approximately 162,037 cubic yards, and the open 

excavation would be backfilled with the same volume of clean soil. The excavated soil containing COCs 

would be removed from the site and transported to an appropriate permitted disposal facility. 

Radiological control procedures for Alternative N-6 would be provided for the excavated area, as 

described for Alternative S-2. Detailed excavation plans would be developed in the RD. 

This excavation would be extremely challenging to implement because of its proximity to San Francisco 

Bay, the depth of the excavation, and the volume of soil to be screened, characterized, and removed. 

Difficulties associated with the removal of soil include: 

■ 

■ 

■ 

■ 

■ 

■ 

Operating surface stability during excavation due to saturated soil conditions 

Surface water control to prevent inundation resulting from tides or storm water 

Manageipent and treatment of contaminated water collected while dewatering the excavation 

Radiological screening, characterization, and confirmation sampling of all soils and debris 
transported from the site (for disposal and treatment) and to the site (for backfill and restoration) 

Destruction and replacement of all existing monitoring wells on site. 

Drying o,f saturated excavated shoreline soil prior to being hauled off site for disposal 

N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\FinalParcelE_FS.docx ~~-~: 
ERRG-6011-0000-0006 4-46 

ERRG 

• 



• 
Section 4 Development and Description of Remedial Alternatives 

The existing sheet-pile wall would not adequately address the difficulties associated with saturated. soil 

excavation because (1) it does not encircle the entire excavation, and (2) it does not have a cathodic 

protection system and, during the more than 13 years since its installation, the wall has likely corroded to 

a point that it would not effectively control surface water inundation. 

It should be noted that the technical difficulties and costs associated with implementing this alternative 

are significant. This "clean closure" alternative is presented primarily for comparison purposes with other 

alternatives. 

4.4.7.2. Monitored Natural Attenuation 

MNA for-Alternative N_:-6 would.be consistent with the areas and procedures outlinedfor Alternative N-5. 

It would be implemented to monitor attenuation of minor residual contamination left in groundwater after 

the completion of large-scale source removal excavation. 

4.4.7.3. Institutional Controls 

As described in Alternative N-2, institutional controls would be a combination of those presented for 

Alternatives S-2 and Alternative GW-2, and would be described in greater detail in a LUC RD document 

developed specifically for this alternative, should it be selected. However, under this alternative, 

restrictions on use of B-aquifer groundwater may be removed once chemical concentrations have 

• attenuated to less than the remediation goals. 

• 

4.4.7.4. Long-Term Monitoring 

Long-term monitoring would be conducted, as described for Alternative N-2, to delineate the plume and 

monitor concentrations of chemicals and degradation products in groundwater. 

4.4.7.5. Radiological Controls 

Intrusive activities contemplated under Alternative N-6 would include soil excavation and 

decommissioning and installing monitoring wells. Applicable radiological control procedures for 

Alternative N-6 would be as described for Alternatives S-2 and GW-2 (see Sections 4.2.2.4 and 4.3.2.4). 

4.4.7.6. Considerations for Alternative N-6 

The following considerations apply for Alternative N-6: 

• Maintaining stable excavation slopes and controlling surface water and groundwater may 
complicate the excavation process. 

• Dewatering and radiological screening of saturated soil and waste ( excavated from depths below the 
groundwater table) may take a long time and require cordoning off a large area adjacent to the site. 

• The potential presence ofNAPL adjacent to the shoreline or well l:,eyond the IR-03 site boundary 
may exist. 

N:\Projects\2005 Projectsl25--049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\FinalParcelE_FS.docx 

ERRG-6011-0000-0006 4-47 



• 
Figures 

• 

• N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\FinalParcelE_FS.docx --ERRG 



• 

• 

• 

__ ___, New asphalt in railroad right-of-way 
Alternative S-2 only 

Parcel E-2 

SAN FRANCISCO BAY .. .. 
I 

I 

I -
IR-03 (former oil reclamation ponds) area to 
be addressed under the NAPL alternatives 

Former Tank S-505 
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Parcel F 

LEGEND 
[=:I Parcel E Boundary 

[=:I Other HPS Parcel 

Non-Navy Property 

San Francisco Bay 

Shoreline Area (see Appendix D for evaluation 
of shoreline protection options; 4.3 acres) 

Road 

Gravel Road 

-+-- Rail Road 

Fuel Lines (IR-47)" 

Steam Lines (IR-45)" 

Proposed Surface Treatments 

[=:J New Asphalt (24.9 acres) 

Repair of Existing Asphalt (32.9 acres) 

CJ --
Notes: 

Soil Cover (58.4 acres) 

Building Footprint (8.99 acres) 

HOPE Liner (under soil cover; 7.5 acres) 

New Asphalt in Railroad Right-of-Way 
(Alternative S-2 only; 1.3 acres)b 

8 Fuel and steam lines would be inspected and either removed 
or closed in place; fuel and steam lines in adjoining parcels 
were previously d osed . 

b New asphalt in railroad right-of-way is proposed only for 
Alternative S-2. Alternatives S-3 and S-4 indude excavabon 
in these areas instead (see Figure 4-9) 

No soil underlying piers, no cover required 

HPS = Hunters Point Shipyard 
HOPE= high density polyethylene 
NAPL = non-aqueous phase liquid 

650 0 

Scale in Feet 

650 
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IR-02 NORTHWEST 
METALS PLUME: 
Copper, Lead, 
Nickel, Zinc 

IR-02 NORTHWEST 
BENZENE PLUME: 
Benzene 

IR-02 NORTHWEST PCB PLUME: 
Aroclor-1254 

coc PRG ller 2 Action 
(mg/kg) Level (mg/kg) 

.Aroclor-12541 0.74 3.7 

.Aroclor-12601 0.74 3.7 
Arsenic 11.1 55.5 
Benzolalanthracene 1.3 6.5 
Benzo(alovnine 0.33 1.7 
Coooer' 470 2350 
Dieldrin 0.12 0.59 
Lead 10-3 feet bosl2 155 775 

Lead (3-10 feet basl1 441 2210 
TotalTPH 3500 NA 

Zinc1 719 3600 
Noes: 

lier 1 Action 
Level (mg/kg) 

7.4 

7.4 
111 
13 
3.3 

4700 
1.2 

1550 

4410 
NA 

7190 

1 Chemcal present in groondwaer atcancentaions flat pose a risk il aquak:iil in bay, 
excavaion il exend deeper flan 31,etbgs il rerrove soil sources. Excavaions were 
idenlied t om3 il 10 lletbgsrelalve ilecological ai"1ia (tlr rretals) and hurmn healll risk
based a iena (tlr tvodol corrpoonds) 
2 Excavaions were idenlied tom Oil 3 i!et bgs relalve il hurmn healtl risk-based 
aieia . 

130 0 130 

Scale in Feet 

0 (J 0 

0 

EOS-1 

• 0 

0 0 

0 

& c, 
J 

C 
0 

• ·Y:-

0 
0 

0 

~ 

0 

0 
0 

IR-02 CENTRAL NICKEL PLUME: 
Nickel 
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Depth of 
Proposed Proposed 

Excavation Name Excavation 
(feet bgs) 

EXIZlltU 10 

EX028250 

ElW92II 

D1211412 4 

EX028'ZI 
EXIZIIW 4 
EXl2IMM 8.5 

EX121SZA 5.5 

EXl2852I 5 
EXUGR711W 
EXUGRnlW 

EXl2GlltJIW 

EX02GR117SW 

EX02GR131SW 
EX02GR1328T 8.5 

EXl2GR1111W 

EXl1Gltt141W 
EXl2H3tl 2.5 
EXl2TA1tA 4 

IR-02 CENTRAL 

CY to be 
Excavated 

1,111 

89 
667 

722 

681 

148 
59 
787 

866 

296 
44 
178 

533 

415 

133 
315 

415 

415 
37 
59 

Sampling ID 

IR02B122 

IR02B521 

IR02B250 
Grid 166 S ldewall1 
Grid 166 Sidewall2 

IR02B256 

IR02B288 
IR02TA17B 
IR02B412 
IR028'16 
IR02B428 
IR02B442 
IR02B361 

IR02B418 
IR02B456 

IR02GB361C 

IR02GB361S1A 
GRID 99·1,115,10372 

IR02B524 

IR02TA15A 
IR02B525 

14-GRID 71 SIDEWALL 
GRID 73 SIDEWALL 

Grid 93 Sidewall 

GRID 117 SIDEWALL 

Grid 131 Sidewall 
Grid 132 Bottom 
Grid 123 Sidewall 

Grid 179 Sidewall 

Grid 114 Sidewall 
IR02SS310 
IR02TA16A 

coc 

Aroclor-1260 
Benm a nthracene 

Lead 

Zinc 
Co er 

Lead 
Zinc 

Co er 
Lead 
Zinc 
Lead 
Zinc 

Benzo a rane 
Benzo a rene 

Total lPH 
Aroclor-1260 

TotallPH 
TotallPH 

Zinc 

Co er 
Total lPH 
Total lPH 
Total lPH 
Total lPH 
Arsenic 
Co er 

Lead 
Zinc 

Aroctor-1260 
Co er 

Total lPH 
Zinc 

Co er 
Benzo a rene 

.Aroclor-1254 
Dieldrin 

Lead 
Zinc 

Co er 
Lead 

Total lPH 
.Aroclor-1260 

TotallPH 
Total lPH 
Total lPH 
TotalTPH 
Total lPH 
Total lPH 
TotallPH 
Co er 

Zinc 

Aroclor-1254 
Lead 

Benzo(a)pyrene 

Detected 
Cone 

(mg/kg) 

12 
20 

871 
4560 

1,130 
1,710 

3.5 
11000 

2.6 

9.000 
7,000 
5.500 

11 ,000 
1,539 
11,m 
15,176 
10,600 
15.171 

3.5 

4.3 

3,900 
5.700 

66 
3,800 
2,100 
13,000 

40 
2,800 

10,100 
11,000 

1J 
11 

0.82 
1,300 
1,000 
11,000 
15,000 

6.7 

1,600 
7,600 
940 
875 
2.5 

Sampling 
Bottom 
Depth 

(feet bgs) 

1.25 
1.25 
1.25 
1.25 
1.25 
3.75 
8.75 
8.75 

7.5 
6.5 
6.5 
6.5 
3.75 
3.75 
3.75 
3.25 
3.25 
1.6 

2.75 
6.25 

3.25 
2.7 
2.6 
0.5 
0.5 
0.5 
0.5 
6.5 
6.5 
6.5 

4.6 

5.6 
5.5 
5.5 
4.5 
0.5 
1.7 

LEGEND 
e Detected soil concentration (for one or 

• 
-¢-

• 

0 --
D 

D 

more COC) is greater than or equal to 10 
times the PRG (Tier 1 Location) 

Detected soil concentration (for one or 
more COC) is greater than or equal to 5 
times the PRG (Tier 2 Location) 

Detected total TPH soil concentrations 
is greater than the source criterion* 

Detected soil concentration (for one or 
more COC) is greater than the PRG but 
less than 5 times the PRG 

Soil concentration (for one or 
more COC) is less than the PRG (includes 
detected or not detected results) 

Soil concentration is 10 times the selected 
action level.** 

Proposed Excavation of Tier 1 Location 

Proposed Excavation of Tier 2 Location 

Proposed Excavation of comingled TPH 
concentration exceeding source criterion 

Metals Plume in Groundwater 

PCB Plume in Groundwater 

IR-02 Northwest and Central Removal Action 
Area 

Road 

Gravel Road 

Building 

San Francisco Bay 

Shoreline Area 

D IR Site Boundary 

D Parcel E Boundary 

Redevelopment Block EOS-1 

D Open Space Reuse 

Notes: 
bgs = below ground surface 
COC = chemical of concern 
CY = cubic yards 
IR = installation restoration 
mg/kg = milligrams per kilogram 
PCB = polychlorinated biphenyl 
PSC = protective soil concentration 
PRG = preliminary remediation goal 
TPH = total petroleum hydrocarbon 

• = Exceedances of total TPH source criterion 
(3,500 mg/kg; Shaw Environmental, Inc. 2007) located 
outside proposed excavation areas will be addressed 
by TPH Corrective Action Program. 

- = Soils between 3 and 1 O feet bgs were evaluated to 
determine where excavations of Tier 1 locations might 
reduce the potential for groundwater contamination Soil 
concentrations for metals (copper, lead, nickel , and zinc) 
were compared to 1 O times the PSC values and soil 
concentrations for PCBs were compared to 1 O times the 
recreational soil criterion. Excavations were delineated 
around areas where these criteria were exceeded 
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coc PRG Tier 2 Action Tier 1 Action 
(mg/kg) Level (mg/kg) Level (mg/kg) 

Aroelor-12601 0.1• 3.7 7 •• 

Arunle 11.1 55.5 111 
Btnml1"'......,• 0.33 1.7 3.3 
Benzofblfluoranthene 1.3 6.5 13 

Lead 10·3 feet bos\2 155 775 1550 

Lead 13·10 feet bas)1 «1 2210 «10 

Manaanese mo 12200 24300 
TotallPH 3500 NA NA 

Zlne' 719 3600 7190 

Noles: 
1 Cheni:al present in groundwaer atooncentalons flat pose a nsk t> aqualc iia in bay, 
exeavaton t> ex'>nd deeper flan 3 l!etbgs t> rem:>ve soi so..-ees. Exeavalons were 
idenlled t om 3 t> 10 l!et bgs relalve t> ecological lffl!fia (tlr rrelals) and hurran heafl nsk
based aieia (tlr Aroclor corrl)OUnds). 
2 Exeavalons were idenlied t omO t> 3 l!et bgs relalve t> hurran heafl risk-based 
aieia. 

IR--02 CENTRAL NICKEL PLUME: 
Nickel 

@) 130 
0 130 

Scale in Feet 

0 

0 

,- --- -'. I 

• I 4 t, 
0 I I __ ,;._ 

( 

• 0 0 • 
• • 

0 

0 

0 

• 
• 

...... _ - - - - - 0 

Proposed 
Excavation Name 

EX0211100 
EX0283N 
EX028401 

EXIZB485 
EX028415 

EX1211411 
0 

EX0211W1• 

EX82SS20 

Depth of 
Proposed CY to be 

Excavation Excavated 
(Itel bgs) 

3.5 207 
296 

1,111 

296 
59 

815 

296 

163 

2.5 1.S 

: 4 0--------0----~,, 
1 -$- ◄~7*=======~ Excavation to address soil 1 -$- 1 concentrations at IR02B377 to 
I e I 

1 
______ -' be performed under the TPH 

Corrective Action Program. 

0 
0 

0 

0 

IR-02 CENTRAL EOS:2 

• 
0 

C• • • • 
0 

EX02MW149 • EX02B461 • .J 

• • 0 n • • 

EX02B100 
r ., - -• ~ : 
I T , 

• 
• 

• 0 

• • EX02B403 
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Sampling 
Detected 

Sa~ing ID coc Cone 
Bottom 

(mg/kg) 
Depth 

(feet bgs) 

IR02B100 Ametor-1260 32 1.12 
IR02B398 Lead 2,300 
IR02B393 Aroelor-1260 1,100 2 

Aroelor-1260 31 3 
IR02B401 Aroelor-1260 35 
tR02B475 Aroetor-1260 3,700 

Aroelor-1260 31 
IR02B403 Man anesa 21.000 
tR02B405 Zine 6 300 
IR02B415 Aroelor-1260 11 2 

Lead 2,300 3 
IR02B417 Aroelor-1260 3t 2 

IR02SS321 Aroelor-1260 .. , 0.5 
15.3 0.5 
961 0.5 

IR02B461 51 
11 

IR02B457 2 2 
IR02MW149A 56.1 1.12 

Lead 1 «o 1.12 
IR02SS320 Aroelor-1260 45 0.5 

Benzo a ene 3.1 
Benzo(b)fluoranthene 7.7 

<J 

IR-13 

0 

• 

LEGEND 

• Detected soil concentration (for one or 
more COC) is greater than or equal to 10 
times the PRG (Tier 1 Location) 

• Detected soil concentration (for one or 
more COC) is greater than or equal to 5 
times the PRG (Tier 2 Location) 

-¢- Detected total TPH soil concentrations 
is greater than the source criterion* 

• Detected soil concentration (for one or 
mo~COC)~g~a~r~an~ePRGb~ 
less than 5 times the PRG 

Soil concentration (for one or 
more COC) is less than the PRG (includes 
detected or not detected results) 

0 Soil concentration is 10 times the selected 
action level.** 

Proposed Excavation of lier 1 Location 

Proposed Excavation of lier 2 Location 

Proposed Excavation of comingled TPH 
concentration exceeding source criterion 

Petroleum Program Managed AOC 

Metals Plume in Groundwater 

PCB Plume in Groundwater 

IR-02 Northwest and Central Removal Action 
Area 

San Francisco Bay 
Road Shoreline Area 
Gravel Road D IR Site Boundary 
Building D Parcel E Boundary 

Redevelopment Block EOS-2 

D Open Space Reuse 

Notes: 
AOC = area of concern 
bgs = below ground surface 
COC = chemical of concern 
CY = cubic yards 
IR = installation restoration 
mg/kg = milligrams per kilogram 
PCB = polychlorinated biphenyl 
PSC = protective soil concentration 
PRG = preliminary remediation goal 
TPH = total petroleum hydrocarbon 

* = Exceedances of total TPH source criterion 
(3,500 mg/kg ; Shaw Environmental, Inc 2007) located 
outside proposed excavation areas will be addressed 
by TPH Corrective Action Program 

- = Soils between 3 and 1 O feet bgs were evaluated to 
determine where excavations of ner 1 locations might 
reduce the potential for groundwater contamination Soil 
concentrations for metals (copper, lead, nickel, and zinc) 
were compared to 1 o times the PSC values and soil 
concentrations for PCBs were compared to 10 times the 
recreational soil criterion. Excavations were delineated 
around areas where these criteria were exceeded 
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PRG Tier 2 Action 
(mglkg) Level (mglkg) 

11 .1 55.5 
1.3 5.5 
0.33 1.7 
1.3 6.5 
1.3 6.5 
470 2350 
0.33 1.7 

rene 1.3 6.5 
Lead 155 ns 
TotalTPH 

100 0 100 

Scale in Feet 

Tier 1 Action 
Level (mglkg) 

111 
13 
3.3 
13 
13 

4700 
3.3 
13 

0 

IR-02 CENTRAL 

Q 

• 

• 

0 
C' 

IR-39 

IR03 BENZENE PLUME: 
Benzene 

Total TPH Plume 
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Deplll of 
PropoMd ExcavJtion Pfoposed CY to be 

Homo 
Length Width 

Exc.av1Uon Exeav1ted 
(feet bgs) - 20 20 3.5 52 

El1Dl!Gl'002 20 20 10 ua 
EllDl!GPOOI 20 20 10 141 

Elll2GP01&A 20 20 16 237 

EllD2GP031 20 20 10 141 
EllD20P040 75 60 16 2667 

EllD- 20 20 16 237 
EXll2GP051A 20 20 16 237 
EX11211W1a 20 20 10 141 

Elll211W17lA 20 20 10 141 - 20 20 44 - 20 20 44 - 20 20 74 - 20 20 44 - 20 20 44 -- 40 40 119 

171 

IR-14 

Dtlocttd 
s.....,11ng 
Bottom 

s...,1ng 10 coc Cone 
Deplll 

(mgllg) 
(feot bgs) 

IR02B091D Anenlc 115.'7 1.25 
C 1tl 1.25 

062-002 Toulll'H 11 
062-GOI Total 1PH 12 
062~16 Toulll'H 5 

10 
16 

062-031 Total TPH 15 
062-040 Toulll'H 

11 
062-042 Toulll'H 5 

15 
062- Total 1PH 15 
062- Total TPH 11 

IR038363 Total TPH 9 
062~50 15 
062-051 16 

IR02MW146A 1.25 
1.75 

IR02MW173A 1.25 
1.25 
1.75 

IR038220 
IR038343 
IR038344 
IR038345 
IR038367 

IR03SS361 

IR0ZTMOB 

IR-11 

LEGEND 
e Detected soil concentration (for one or 

more COC) is greater than or equal to 10 
times the PRG (Tier 1 Location) 

• 

• 

---I - - I . - -
IZ) 

-
D 

Detected soil concentration (for one or 
more COC) is greater than or equal to 5 
times the PRG (Tier 2 Location) 

Detected total TPH soil concentrations 
is greater than the source criterion* 

Detected soil concentration (for one or 
more COC) is greater than the PRG but 
less than 5 times the PRG 

Soil concentration (for one or 
more COC) is less than the PRG (includes 
detected or not detected results) 

Proposed Excavation of Tier 1 Location 

Proposed Excavation of Tier 2 Location 

Proposed Excavation of coming led TPH 
concentration exceeding source criterion 

Petroleum Program Managed AOC 

Area to be addressed under NAPL 
Alternative 

TPH Plume in Groundwater 

Location of Waste Oil Reclamation 
Ponds from Historical Aerial Photos 

Sheetpile Wall (existing) 

Slurry Wall (proposed) 

Road 

Gravel Road D 
Building . D 
San Francisco Bay 

Shoreline Area 

IR Site Boundary 

Parcel E Boundary 

Redevelopment Block EOS-3 

D Open Space Reuse 

Notes: 
AOC = area of concern 
COC = chemical of concern 
CY = cubic yards 
IR = installation restoration 
mg/kg = milligrams per kilogram 
NAPL = non-aqueous phase liquid 
PRG = preliminary remediation goal 
TPH = total petroleum hydrocarbon 
• = Exceedances of total TPH source critenon 
(3,500 mg/kg; Shaw Environmental, Inc. 2007) located 
outside proposed excavation areas will be addressed 
by TPH Corrective Action Program 
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Feasibility Study Report for Parcel E 
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TRAL 

coc PRG lier 2 Action 
(mg/kg) Level (mg/kg) 

Aroclor-1254 0.74 3.7 
Aroclor-1260 0.74 3.7 
Arsenic 11.1 55.5 
Benzolalanthracene 1.3 6.5 
Benzola)ovrene 0.33 1.7 
Benzolblfluoranthene 1.3 6.5 
Benzolklfluoranthene 1.3 6.5 
Coooer 470 2350 
Dibenzl a,h )anth racen e 0.33 1.7 
lndeno/1,2,3-cdlovrene 1.3 6.5 
Lead 155 775 
Total TPH 3500 NA 

• 

. o • • .. 
• 

lier 1 Action 
Level (mg/kg) 

7.4 
7.4 
111 
13 
3.3 
13 
13 

4700 
3.3 
13 

1550 
NA 

•• 

EQS-4 
• 

• • 
EX15B027 

• 

• • 

2 

fJ 
fJ 

EX02B184 • 
0 

IR-02 SOUTHEAST 

• • • ._ EX02B493 
• , 

• 

• 

• ., 

N \Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\N_Maps&Draw1ngs\GIS\Projects\Parcel_E_FSISoinBlockEOS-4_rev mxd Last updated Bfl/2012 at 2 59-33 PM 

Depth of 
Proposed Excnation Proposed 

Name Excnation 
(feet bgs) 

EX028114 3.5 

EX028l55 8.5 
EXaa8 3.5 

EJIIZll4M 5 

EX028461 3 
IW2l4l3 5 
EXm4l7 4 

< om. 5 

EXl2BNI 3 
Elll2G115 3 

oaansw 5 
EX111m 3.5 

EX11II024 3 

EX11111Z2 3 
EX148121 4 
EX11N27 4 

El0IN03 3 

Detected CY to be 
Sampling ID coc Cone 

Excavated 
(ff9'kg) 

52 IR02B1S4 Arsenic 99A& 
Lead 1,336 

126 IR02B355 TotalTPH 
389 IR02B369A Copper 3,490 

Lead 5 970 
IR02B371 Copper 3,510 

Lead 1,130 
TotalTPH l.009 

741 IR02B464 Benm(a)anthracene 11 
Benm(a)pyrene 15 

Benm(b)fluoranthene 12 
Benmlk)fluoranthene 14 

IR02B491 Benm(ain ... ene 2 
Copper 10.100 

44 IR02B468 TotalTPH 
74 IR028493 Aroclor-1260 5.6 
415 IR028497 Arsenic 73 

GRID 100 Lead 5.900 
296 IR028505 Benm(a1n ... ene 33 

Benm(b)lluoranthene 7 
44 IR02B506 Benm(alovrene 3.1 
44 GRID 105 Aroclor-1260 5.1 
74 Grid 93 SidewaU Copper 3,900 

150 IR11B023 Aroclor-1254 38 
Aroclor-1254 30 

44 IR11B024 Arsenic 62 
Lead 1,250 

44 IR11SS22 Lead 1,420 
59 IR14B026 Aroclor-1254 6.9 

237 IR158027 COPDer 15,000 
Lead 4,300 

171 0803S4A Benm(alDvrene u 
Benm(b)lluoranthene 9.4 

175 0 

Scale in Feet 

Bottom 
Sampling 

Depth 
(feet bgs) 

1.75 
1.75 
6.25 
1.25 
1.25 
0.75 
0.75 
0.75 

2 t 

2 
2 
2 
3 
3 
2 
3 
2 

1.5 
3 
3 
2 
1 
3 

0.5 
1.5 
0.5 
0.5 
0.5 
2 
2 
2 

0.5 
0.5 

175 

LEGEND 
• Detected soil concentration (for one or 

more COC) is greater than or equal to 10 
times the PRG (Tier 1 Location) 

• Detected soil concentration (for one or 
more COC) is greater than or equal to 5 
times the PRG (Tier 2 Location) 

• 

--I - - I . - -

D 

Detected total TPH soil concentrations 
is greater than the source criterion* 

Detected soil concentration (for one or 
more COC) is greater than the PRG but 
less than 5 times the PRG 

Soil concentration (for one or 
more COC) is less than the PRG (includes 
detected or not detected results) 

Proposed Excavation of Tier 1 Location 

Proposed Excavation of Tier 2 Location 

Petroleum Program Managed AOC 

Road 

Gravel Road 

Building 

San Francisco Bay 

Shoreline Area 

CJ IR Site Boundary 

c:J Parcel E Boundary 

Redevelopment Block EOS-4 

CJ Open Space Reuse 

Notes: 
AOC = area of concern 
COC = chemical of concern 
CY = cubic yards 
IR = installation restoration 
mg/kg = milligrams per kilogram 
PRG = preliminary remediation goal 
TPH = total petroleum hydrocarbon 
• = Exceedances of total TPH source criterion 
(3,500 mg/kg; Shaw Environmental, Inc. 2007) located 
outside proposed excavation areas will be addressed 
by TPH Corrective Action Program 

---- ENGINEERING/REMEDIATION 
ERRG RESOURCES GROUP, INC . 

Hunters Point Shipyard, San Francisco, California 
U.S. Department of the Navy, BRAC PMO West. San Diego, California 

FIGURE 4-5 

PROPOSED EXCAVATIONS 
FOR REDEVELOPMENT BLOCK EOS-4 

Feasibility Study Report for Parcel E 



• 

• 

• 

• 
• 

EX12TA08 

■ EX12S~18• 

• 

• 

Excavation to address soil 
concentration at IR36B217 to 
be performed under the TPH 
Corrective Action Program. 

Excavation to address soil 
concentrations at IR36B064 and 
IR36B058 to be performed under 
the TPH Corrective Action Program. 

coc 

3,3-Dlchlorobenzldlne 
M>clor-1254 

~ 
0 

PRG 
(mg/kg) 

0.0080 
0.093 
0.21 
11 .1 
0.37 
0.33 
0.34 
1.1 
160 

0.00054 
155 
2.28 
1.7 

117.2 
370 

.:., 

Tler2 Action Tler1 Action 
Level (mg/kg) Level (mg/kg) 

0.040 0.080 
0.47 0.93 
1.1 2.1 
55.5 111 
1.9 3.7 
1.7 3.3 
1.7 3.4 
5.5 11 
800 1600 

0.0027 0.0054 
m 1550 
11.4 22.8 
8.50 17 
~ 1172 

1850 3700 

190 

• • 
' 

M U-1 

IR-02 CENTRAL 

406 

cavation to addre 
ncentration at IR3 
performed under 
rrective Action Pr 

Proposed Excavation Name ---
IEXIIIIM -

EXIMtt 

0121117 

EXt:11811 

EXlffAN 

EX1ffAII 

EXlaN7 
EXlatlt 

EXJaNS 

Dopth ol 
Proposod 

Excavation 
~Hlbg1) 

2.5 
10 

5.5 

1.5 

1.5 

10 

4.5 

4.5 

4.5 
3.5 
10 

15 

3.5 

CY to bt Elcantad 

1 .. 

'" 
Ml 

1,304 

504 

504 

171 

119 

30 

593 

2H 

358 

217 

217 
237 

119 

474 

217 
52 
Ht 

504 

52 
44 
44 
171 
474 

Sanpllng ID 

IR01SS349 
IR0580N 

IR058095 
IR058105 
IR05BOl7 
IR05Bot0 
IR058104 

IR05MWl5A 

IR31B1 .. 

PA31MW03A 

IR12MW17A 

IR12MW11A 

IR12SS13 

IR12SS11 

IR12SS17 

IR12SS11 

IR12TAOI 

IR12TA10 

IR158003B 

IR13B020 
IR13B004 

IR13B007 
IR13B010 

IR13B021 
IR39B051 
IR13B023 

IR13BOOI 

PA31B027 
IR3!8058 
IR31B012 

IR31B210 

IR31B013 

IR318071 
IR31B105 
IR318131 
IR38B1ll 
IR31B110 

coc 

Arodor-12IO 
A r-1210 
Arodor-12IO 
Aroclor-1260 
Aroclor-12IO 
Aroclor-12IO 
Aroclor-12IO 

Zinc 
Arodor-1 254 

xld1 

Aroclor-1254 

lloltciod 
Cone 

"1g/kg) 

,. 
14 
11 
14 
1.3 
01 .. .. 
au 
1 030 
200 
11 

244 
040 
3 580 
1H0 
st 
1.1 
910 

0.57 
1570 
3400 
110 
1.1 

1470 
1.1 

7120 
1110 
11 
53 

1370 
4.200 
0.72 
119 
SI 
10 
11 
1.2 

2.0IO 
145 
1.1 

2350 
u 

5211 
31.22 
75 
1.2 
u 
13 
2.7 
2.7 
5 7 
2.2 
5.2 

3121 
12.45 

101 
1.002 
1Sff 
111 

1520 
0.0052 
1510 
22.4 
5710 
D13 
2.200 
1.9 

1123 
712.1 
1017 
1332 
1.1 

Sanpllng 
Bpttom 
Depth 

~-tbg1) 
0.5 
2 
10 
2 
2 

1.25 
2 
2 

3.25 
3.25 
3.25 
3.25 

3.75 
3.75 
1.25 
1.25 
1.25 
1.25 
3.75 
3.75 
1.25 

2.75 
2.75 
1.75 
2.25 
2.75 
2.75 
1.75 
1.75 

2 
2.25 
2.25 
2.25 

2 
2 

1.75 
1.75 
1.75 
2.25 
1.25 
1.25 
1.25 
1.25 
1.25 
8.25 
1.25 
10 
10 

1.25 
1.25 
1.25 
1.25 
1.25 
0.75 

1 

LEGEND 

• Detected soil concentration (for one or 
more COC) is greater than or equal to 10 
times the PRG (Tier 1 Location) 

• Detected soil concentration (for one or 
more COC) is greater than or equal to 5 
times the PRG (Tier 2 Location) 

-¢- Detected total TPH soil concentrations 
is greater than the source criterion* 

• Detected soil concentration (for one or 
more COC) is greater than the PRG but 
less than 5 times the PRG 

Soil concentration (for one or 
more COC) is less than the PRG (includes 
detected or not detected results) - Proposed Excavation of Tier 1 Location - Proposed Excavation of Tier 2 Location 

I - - I Petroleum Program Managed AOC . - -
Road 

Gravel Road 

D Building 

San Francisco Bay 

Shoreline Area 

D IR Site Boundary 

Cl Parcel E Boundary 

Redevelopment Block MU-1 

D Multi Use Reuse 

D Open Space Reuse 

Notes: 
AOC = area of concern 
COG = chemical of concern 
CY = cubic yards 
IR = installation restoration 
mg/kg = milligrams per kilogram 
PRG = preliminary remediation goal 
TPH = total petroleum hydrocarbon 
• = Exceedances of total TPH source criterion 
(3,500 mg/kg; Shaw Environmental, Inc. 2007) located 
outside proposed excavation areas will be addressed 
by TPH Corrective Action Program. 

---- ENGINEERING/REMEDIATION 
ERRG RESOURCES GROUP, INC. 

Hunters Point Shipyard, San Francisco, California 
U.S. Department of the Navy, BRAC PMO West, San Diego, California 

FIGURE 4-6 

PROPOSED EXCAVATIONS 
FOR REDEVELOPMENT BLOCK MU-1 

Feasibility Study Report for Parcel E 
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• 

• 
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lll-3eW 

Excavation to address soil 
concentration at IR36B272 to 
be performed under the TPH 

B C-OffectNe Actioe P,og,am ...... ------1.......lL.....::::;...__, / 

0 

Excavation to address soil 
concentrations at IR36MW128A and 
IR36MW129B to be performed under 
the TPH Corrective Action Program. 

Excavation to address soil 
concentrations at IR36B032 to 
be performed under the TPH 
Corrective Action Program. 

Proposed Excavation Name 

EX1411W10A 

EX1489115 

Elaa15 

EXJal72 

Eaa11, 
Eaa1U 

enata 

0 

0 

Depth of 
Proposed 

CY to be Excavated Sampling ID 
Excavation 
(feet bgs) 

4.5 267 IR14MW10A 

119 IR14SS05 

4.5 267 PA368015 

4 356 IR368072 

IR368219 

4 237 IR368116 
10 593 IR368162 

4 59 IR368163 

30 

0 

coc 

al ha-BHC 
Aroclor-1254 

hthlate 

coc 

C 

PRG 
(mg/l<g) 

0.0019 
0.093 
0.21 
11.1 
1.1 
3.5 
160 
2.28 
370 

0 

Detected Bottom 

Cone 
Sampling 

Depth 
(ml>'\g) (feet bgs) 

3020 2.25 
2020 2.25 
3.4 0 
2.8 0 
20.6 0 
1920 0 
mo 2.25 
37.6 2.25 
105 1.25 
2550 1.25 
130 2 
3200 2 

thlate 48 1.75 
2400 2 

21 2 
110 10 
14 10 

0.011 2 
1400 2 
14 2 

1020 

◊ 

lier 2 Action lier 1 Action 
Level (mg/kg) Level (mg/kg) 

0.010 0.019 
0.47 0.93 
1.1 2.1 
55.5 111 
5.5 11 
18 

800 
11 .4 
1150 

Scale in Feet 

LEGEND 
• Detected soil concentration (for one or 

more COC) is greater than or equal to 10 
times the PRG (Tier 1 Location) 

• Detected soil concentration (for one or 
more COC) is greater than or equal to 5 
times the PRG (Tier 2 Location) 

-¢-

• 
Detected total TPH soil concentrations 
is greater than the source criterion* 

Detected soil concentration (for one or 
more COC) is greater than the PRG but 
less than 5 times the PRG 

Soil concentration (for one or 
more COC) is less than the PRG (includes 
detected or not detected results) 

Impacted Groundwater 

- Proposed Excavation of Tier 1 Location 

- Proposed Excavation of Tier 2 Location 

Road 

Gravel Road 

D Building 

San Francisco Bay 

Shoreline Area 

CJ IR Site Boundary 

c:J Parcel E Boundary 

Redevelopment Block MU-2 
D Multi Use Reuse 

Notes: 
COC = chemical of concern 
CY = cubic yards 
IR = installation restoration 
mg/kg = milligrams per kilogram 
PRG = preliminary remediation goal 
TPH = total petroleum hydrocarbon 
• = Exceedances of total TPH source criterion 
(3,500 mg/kg; Shaw Environmental, Inc. 2007) located 
outside proposed excavation areas will be addressed 
by TPH Corrective Action Program. 

---- ENGINEERING/REMEDIATION 
ER.RG RESOURCES GROUP, INC. 

Hunters Point Shipyard, San Francisco, California 
U.S. Department of the Navy. BRAC PMO VI/est, San Diego, California 

FIGURE 4-7 

PROPOSED EXCAVATIONS 
FOR REDEVELOPMENT BLOCK MU-2 

Feasibility Study Report for Parcel E 
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• IR-56 
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EOS-5B • 
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M U-3 
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EX12TA13 

IR-12 
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Proposed 
Excavation 

Name 

EX81SSl50 
EXIM8011 

EJIM8012 

EJCMM15 

~ 
0 

Scale in Feet 
IR-36N 

Depth of Proposed 
Excavation 
(feet bgs) 

4 

8.5 

4 
2 

CY to be Sampling ID 
Excavated 

IR01SS350 
933 IR04B011 

IR04B032 

504 IR04B012 

IR04B015 

IR04B030 

59 IR04B034 
30 IR12SS02 
356 IR12TA13B 
59 IR56B021 

coc PRG 
(mg/l<g) 

10 
0.21 
160 
155 
2.28 
3500 
370 

Detected 
Bottom 

coc Cone 
Sample 

(mg,l<g) Depth 
feet b I 

Aroclor-126-0 u 0.5 
Co er 10.400 1.75 

Lead 1900 1.75 
Aroclor-1260 u 1.75 
Aroclor-1260 3.3 1.75 

Lead 1,071 1.75 
Co er 5,230 1.75 

Lead 4,150 1.75 
llercu 17 6.25 

Zinc 2,220 1.75 
Aroclor-1260 u 1.75 

Total TPH 2 
Aroclor-1260 14.3 1.25 

Lead 3,16& 1.25 
Antimon 65.0 1.25 
Co er 1,408 1.25 

Zinc 2,570 1.25 
Antimon 4094 1.25 

Aroclor-1260 119 1.25 
Co er 3,161 2.75 
llercu 46.7 1.25 

Zinc 4,105 1.25 
Lead 6.915 1.25 

Antimon 57.0 2.75 
Aroclor-1260 1.01 1.75 

1,010 0 
3,400 3.75 
17.45 1.75 
5400 0 

TI er 2 Action 
Level (mg/kg) 

50 100 
1.1 2.1 
800 1600 
775 1550 
11.4 22.8 
NA NA 

1850 3700 

LEGEND 

• Detected soil concentration (for one or 
more COC) is greater than or equal to 10 
times the PRG (Tier 1 Location) 

• Detected soil concentration (for one or 
more COC) is greater than or equal to 5 
times the PRG (Tier 2 Location) 

-¢- Detected total TPH soil concentrations 
is greater than the source criterion* 

• Detected soil concentration (for one or 
more COC) is greater than the PRG but 
less than 5 times the PRG 

Soil concentration (for one or 
more COC) is less than the PRG (includes 
detected or not detected results) - Proposed Excavation of Tier 1 Location - Proposed Excavation of Tier 2 Location 

I - - I Petroleum Program Managed AOC . - -
Road 

Gravel Road 

Building 

San Francisco Bay 

Shoreline Area 

IR Site Boundary 

Parcel E Boundary 

Non-Navy Property 

Redevelopment Block MU-3 

D Multi Use Reuse 

D Open Space Reuse 

Notes: 
AOC = area of concern 
COC = chemical of concern 
CY = cubic yards 
IR= installation restoration 
mg/kg = milligrams per kilogram 
PRG = preliminary remediation goal 
TPH = total petroleum hydrocarbon 
' = Exceedances of total TPH source criterion 
(3,500 mg/kg; Shaw Environmental, Inc. 2007) located 
outside proposed excavation areas will be addressed 
by TPH Corrective Action Program 

---- ENGINEERING/REMEDIATION 
ERRG RESOURCES GROUP, INC . 

Hunters Point Shipyard, San Francisco, California 
U.S. Department of the Navy, BRAC PMO VVest, San Diego, California 

FIGURE 4-8 

PROPOSED EXCAVATIONS 
FOR REDEVELOPMENT BLOCK MU-3 

Feasibility Study Report for Parcel E 
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Scale in Feet 
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/ RAILROAD RIGHT OF WAY 

I 
/I 

I I 

I/ I; 
I 

I/ 

I/ 

Proposed 
Excavation Name 

EX52II009 

EX52SS02 
EX52SS06 

N \Pr()Jects\2005 PrQJects\25-049_Navy_HPS_E-2_RI-FS\N_Maps&Drawings\GIS\PrQJects\Parcel_E_FSISoll\Bloci<EOS-6_rev2 mxd Last updated 8122/2012 at 9 51 03 AM 

'j 

f )✓I( 
I 

I 

0 • 

I 

,1/ 
/ ~ 

v// 
) 

/; 
/I 

I I' 

// 
II 

// 
Depth of Proposed CY to be 

Excavation 
(feet bgs) 

Excavated 

6 356 

3 44 

3 178 

coc 

Benzo(a)anthracene 

lndeno 1,2,3-cd pyrene 

Lead 

Sampling ID 

IR52B009 

PA52SS02 

PA52SS06 

Detected 
Sampling 

coc Cone. 
Bottom 

(mg/kg) 
Depth 

(feet b s 
Benzo(a)anthracene 8.8 3.75 

Benzo(a)pyrene 13 3.75 

Benzo(b)fluoranthene 21 3.75 

Benzo(k)fluoranthene 3.5 3.75 

D iben z( a,h )a nth racen e 1.7 3.75 

lndeno(1,2,3-cd)pyrene 5.2 3.75 
Total TPH 

Copper 

Lead 

PRG Tier 2 Action Tier 1 Action 
(mg/kg) Level (mg/kg) Level (mg/kg) 

0.37 1.9 3.7 
0.33 1.7 3.3 
0.34 1.7 3.4 
0.3 1.7 3.4 
0.4 1.8 3.5 
160 800 1600 
155 775 1550 

3500 NA NA 

LEGEND 
e Detected soil concentration (for one or 

more COC) is greater than or equal to 10 
times the Residential PRG (Tier 1 Location) 

• 
-¢-

• 

--

Detected soil concentration (for one or 
more COC) is greater than or equal to 5 
times the Residential PRG (Tier 2 Location) 

Detected total TPH soil concentrations 
is greater than the source criterion• 

Detected soil concentration (for one or 
more COC) is greater than the Residential PRG 
but less than 5 times the Residential PRG 

Soil concentration (for one or 
more COC) is less than the Residential PRG 
(includes detected or not detected results) 

Reporting Limit Exceeds the Residential PRG 
(for at least one sample) 

Proposed Excavation of Tier 1 Location 

Proposed Excavation of comingled TPH 
concentration exceeding source criterion 

Road 

Gravel Road 

1 San Francisco Bay 

Shoreline Area 

CJ IR Site Boundary 

c:J Parcel E Boundary 

Non-Navy Property 

Notes: 
COC = chemical of concern 
CY = cubic yards 
IR = installation restoration 
mg/kg = milligrams per kilogram 
PRG = preliminary remediation goal 
TPH = total petroleum hydrocarbon 
* = Exceedances of total TPH source criterion 
(3,500 mg/kg; Shaw Environmental, Inc 2007) located 
outside proposed excavation areas will be addressed 
by TPH Corrective Action Program 

---- ENGINEERING/REMEDIATION 
ERRG RESOURCES GROUP, INC. 

unters Point Shipyard, San Francisco, California 
U.S. Department of the Navy, BRAC PMO West, San Diego, California 

FIGURE 4-9 

PROPOSED EXCAVATIONS 
FOR RAILROAD RIGHT OF WAY 
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// 
I 

SAN FRANCISCO BAY 

EOS-5C 

EOS-5A 

IR-12 Benzene Plume 
(29,n& square feet) 

IR-02 Northwest PCB Plume 
(18,967 square feet) 

Note: Monitoring and remediation of the IR-03 TPH 
Plume are addressed by the NAPL alternatives. 

Wells with consistent NAPL measurements > 1 foot 
thick are not suitable for monitoring (see Figure 2-8). 

IR-02 Central Nlckel Plume 
(3,731 square feet) 

EOS-3 

IR03MW369A 

~ 

12MW19A 

_IR1,2MW30A 

:.IR:2MW13A 

IRt2MW18A 

MU-1 

470 

IR36MW127A 

PA36MW07A~ 

~ 
0 

Scale in Feet 

N \ProJects\2005 ProJects\25-049_Navy_HPS_E-2_RI-FSIN_Maps&Drawings\GIS\Projects\Parcel_E_FS\Altemat,ves\GW2_rev1 mxd Last ~aled 8/22/2012 at 4 58 51 PM 
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0 
0 

606 

EOS-4 

• 
See Inset 

~ 
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470 

~◊ 
<> 
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~ 
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0 

~ /' ◊ !l 

◊ 
/ ~ / 

◊ 
() 

<:> 

LEGEND 
$- Proposed A-Aquifer Monitoring Well 

for use in this Alternative 

$ Proposed B-Aquifer Monitoring Well 
for use in this Alternative 

~ Existing A-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Existing A-Aquifer Monitoring Well Not 
Proposed for use in this Alternative 

$ Existing B-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Existing B-Aquifer Monitoring Well Not 
Proposed for use in this Alternative 

~ l Existing Bedrock Aquifer Monitoring Well 
Not Proposed for use in this Alternative 

X Decommissioned Well 

_. A-Aquifer Flow Direction 

Impacted Groundwater 

Parcel E Boundary 

Other HPS Parcel 

Non-Navy Property 

San Francisco Bay 

Building 

Sheet Pile Wall 

Road 

Gravel Road 

Distance from Shoreline in Feet 

Parcel E Reuse Areas and 
Redevelopment Blocks 
0Mixed Use 

D open Space 

Notes: 
IR-52, the railroad right-of-way , is not shown in its 
entirety in order to better display more detailed 
information for the remainder of Parcel E. 

Monitoring and remediation of IR-03 are addressed 
by the NAPL alternatives. 

IC = institutional control 
IR = Installation Restoration 
NAPL = non-aqueous phase liquid 
PCB = polychlorinated biphenyl 
TCE = trichloroethene 
TPH = total petroleum hydrocarbon 
voe = volatile organic compound 

---- ENGINEERING/REMEDIATION 
ERRG RESOURCES GROUP, INC. 

Hunters Point Shipyard, San Francisco, California 
Department of the Navy, BRAC PMO West, San Diego, California 

FIGURE 4-10 
ALTERNATIVE GW-2 

IC AND LONG-TERM GROUNDWATER 
MONITORING 
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EOS-5C 
EOS-58 

IR-12 Benzene Plume 
(29,776 square feet) 
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Plume are addressed by the NAPL alternatives. 

Wells with consistent NAPL measurements > 1 foot 
thick are not suitable for monitoring (see Figure 2-8) . 
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Existing A-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Existing A-Aquifer Monitoring Well Not 
Proposed for use in this Alternative 

$ Existing B-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Existing B-Aquifer Monitoring Well Not 
Proposed for use in this Alternative 

Existing Bedrock Aquifer Monitoring Well 
Not Proposed for use in this Alternative 

X Decommissioned Well 

C:::J Monitored Natural Attenuation Area 

~ Anaerobic In-Situ Bioremediation Area 
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~ A-Aquifer Flow Direction 

Impacted Groundwater 

Parcel E Boundary 

Other HPS Parcel 

Non-Navy Property 

San Francisco Bay 

CJ Building 

- Slurry Wall (proposed) 

Sheet Pile Wall 

-- Road 

----· Gravel Road 

-250•- Distance from Shoreline in Feet 

Parcel E Reuse Areas and 
Redevelopment Blocks 
0Mixed Use 

O open Space 
Notes: 
IR-52, the railroad right-of-way, Is not shown in its 
entirety in order to better display more detailed 
infonnation for the remainder of Parcel E. 

Monitonng and remediation of IR-03 are addressed 
by the NAPL alternatives 

IC = institutional control 
IR = Installation Restoration 
ISB = in-situ bioremediation 
MNA = monitored nautral attenuation 
NAPL = non-aqueous phase liquid 
PCB = polychlorinated biphenyl 
TCE = trichloroethane 
TPH = total petroleum hydrocarbon 
voe = volatile organic compound 
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FIGURE 4-11 
ALTERNATIVE GW-3A 

GROUNDWATER CONTAINMENT, ISB, 
MNA, AND ICs 

Feasibility Study Report for Parcel E 
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Note: Monitoring and remediation of the IR-03 TPH 
Plume are addressed by the NAPL alternatives. 
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thick are not suitable for monitoring (see Figure 2-8). 
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for use in this Alternative 
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for use in this Alternative 
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Proposed for use in this Alternative 

Existing A-Aquifer Monitoring Well Not 
Proposed for use in this Alternative 

Existing B-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Existing B-Aquifer Monitoring Well Not 
Proposed for use in this Alternative 

Existing Bedrock Aquifer Monitoring Well 
Not Proposed for use in this Alternative 
Decommissioned Well 

CJ Monitored Natural Attenuation Area 

~ Anaerobic In-Situ Bioremediation Area 

~ Aerobic In-Situ Bioremediation Area 

~ Zero Valent Iron Remediation Area 

_. A-Aquifer Flow Direction 

Impacted Groundwater 

c:::::J Parcel E Boundary 

Other HPS Parcel 

Non-Navy Property 

San Francisco Bay 

Building 

Slurry Wall (proposed) 

Sheet Pile Wall 
Road 

Gravel Road 

-250'- Distance from Shoreline in Feet 

Parcel E Reuse Areas and 
Redevelopment Blocks 
0Mixed Use 
O open Space 

Notes: 
IR-52, the railroad right-of-way, is not shown in its entirety in 
order to better display more detailed information for the 
remainder of Parcel E 

Monitoring and remediation of IR-03 are addressed 
by the NAPL alternatives. 

IC = Institutional control 
IR = Installation Restoration 
MNA = monitored natural attenuation 
NAPL = non-aqueous phase liquid 
PCB = polychlorinated biphenyl 
TCE = trichloroethene 
TPH = total petroleum hydrocarbon 
voe = volatile organic compound 
ZVI = zero-valent iron 

---- ENGINEERING/REMEDIATION 
ERRG RESOURCES GROUP, INC. 

Hunters Point Shipyard, San Francisco, California 
Department of the Navy, BRAC PMO West, San Diego, California 

FIGURE 4-12 
ALTERNATIVE GW-38 

GROUNDWATER CONTAINMENT, ISB, 
ZVI REDUCTION, MNA, AND ICs 

Feasibility Stud Report for Parcel E 
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IR02\4W12$ IR02MW402A 
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IR--02 Northwest PCB Plume 
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Note: Monitoring and remediation of the IR--03 TPH 
Plume are addressed by the NAPL alternatives 

\Neils with consistent NAPL measurements> 1 foot 
thick are not suitable for monitoring (see Figure 2-8). 
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Existing B-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Existing B-Aquifer Monitoring Well Not 
Proposed for use in this Alternative 

Existing Bedrock Aquifer Monitoring Well 
Not Proposed for use in this Alternative 
Decommissioned Well 

C:J Monitored Natural Attenuation Area 

~ Anaerobic In-Situ Bioremediation Area 

~ Aerobic In-Situ Bioremediation Area 

c:::::J Air Sparging Remediation Area 

~ A-Aquifer Flow Direction 

Impacted Groundwater 

CJ Parcel E Boundary 

··"' Other HPS Parcel 

Non-Navy Property 

L ] San Francisco Bay 

c=] Building 

- Slurry Wall (proposed) 

- Sheet Pile Wall 

Road 

Gravel Road 

-250'- Distance from Shoreline in Feet 

Parcel E Reuse Areas and 
Redevelopment Blocks 
0Mixed Use 
O open Space 

Notes: 
IR-52, the railroad right-of-way, is not shown in its 
entirety in order to better display more detailed 
information for the remainder of Parcel E 

Monitoring and remediation of IR-03 are addressed 
by the NAPL alternatives 

IC = instrtutional control 
IR = Installation Restoration 
ISB = in-situ bioremediation 
MNA = monitored natural attenuation 
NAPL = non-aqueous phase liquid 
PCB = polychlorinated biphenyl 
TCE = trichloroethene 
TPH = total petroleum hydrocarbon 
voe = volatile organic compound 

---- ENGINEERING/REMEDIATION 
ERRG RESOURCES GROUP, INC. 

Hunters Point Shipyard, San Francisco, California 
Department of the Navy, BRAG PMO West, San Diego, Californ ia 

FIGURE 4-13 
ALTERNATIVE GW-4 

GROUNDWATER CONTAINMENT, 
AIR SPARGING, ISB, MNA, AND ICs 

Feasibility Study Report for Parcel E 
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Note: See Figure 4-4 for proposed NAPL 
source removal (via excavation) outside 
the proposed slurry wall. 
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for use in this Alternative 

$- Existing A-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Existing A-Aquifer Monitoring Well Not 
Proposed for use in this Alternative 

$ Existing B-Aquifer Monitoring Well 
Proposed for use in this Alternative 

-250•- Distance from Shoreline in Feet 

Impacted Groundwater 

~ 

c:::J 
c:::J 

Location of Waste Oil Reclamation 
Ponds from Historical Aerial Photos 

IR Site Boundary 

Parcel E Boundary 

San Francisco Bay 

Road 

l!!!!iiiiiiiiii Slurry Wall (proposed) 

-- Sheetpile Wall (existing) 

Notes: 
Not all wells within IR-03 will be available 
for monitoring due to presence of NAPL 

HOPE = high density polyethylene 
IC = institutional control 
MNA = monitored natural attenuation 
NAPL = non-aqueous phase liquid 
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FIGURE 4-14 
ALTERNATIVE N-2 

SOURCE CONTAINMENT, LONG-TERM 
GROUNDWATER MONITORING, 

AND ICs 
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Note: See Figure 4-4 for proposed NAPL 
source removal (via excavation) outside 
the proposed slurry wall. 
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$- IR02MW173A 

LEGEND 
$- Proposed A-Aquifer Monitoring Well 

for use in this Alternative 

~ Existing A-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Existing A-Aquifer Monitoring Well Not 
Proposed for use in this Alternative 

$ Existing B-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Electrical Resistive Heating Remediation 
Area• 

-2so·- Distance from Shoreline in Feet 

Impacted Groundwater 

CJ 
~ 

CJ 
CJ 

Monitored Natural Attenuation Area 

Location of Waste Oil Reclamation 
Ponds from Historical Aerial Photos 

IR Site Boundary 

Parcel E Boundary 

San Francisco Bay 

Road 

- Slurry Wall (proposed) 

Sheetpile Wall (existing) 

x - x Fencing 

Notes: 
Not all wells with in IR-03 will be available 
for monitoring due to presence of NAPL. 

• For cost estimating purposes, electrical resistive heating was 
selected as a representative thermal enhancement technology 
for addressing the NAPL source; other thermal enhancement 
technologies may be identified during the remedial design. 

This alternative may incorporate multiple removal or treatment 
technologies used in combination to address the NAPL source 
(because of uncertain effectiveness and implementability of 
some technologies). 

HOPE= high density polyethylene 
IC = institutional control 
MNA = monitored natural attenuation 
NAPL = non-aqueous phase liquid 

Hunters Point Shipyard, San Francisco, California 
U.S. Department of the Navy, BRAC PMO West. San Diego, California 

FIGURE 4-15 
ALTERNATIVE N-3 

SOURCE REMOVAL OR TREATMENT, 
CONTAINMENT, MNA, AND ICs 



Notes: 
COCs 
OPE 
ERH 
MNA 
NAPL 
PRG 

Optional Step 

contaminants of concern 
dual-phase extraction 
electric-resistive heating 
monitored natural attenuation 
non-aqueous phase liquid 
preliminary remediation goal 

Yes 

OPE with high 
temperature ERH 

(i.e. steaming) 

Yes 

Yes 

Groundwater 
response action 

complete 

No 

No 

*Potential Optimization Steps: 

• Optimize NAPL pumping rate to minimize 
excess groundwater extraction 

• Increase temperature to mobilize higher 
viscosity NAPL 

• Modify configuration of electrodes and 
extraction wells (electrodes can be inserted 
into any extraction well in the system) 

• Add additional electrode/extraction points to 
target entrapped NAPL 

**Potential Optimization Steps: 

• Increase vapor extraction rate to increase 
zone of influence 

• Increase temperature to increase rate of 
groundwater vaporization 

• Modify configuration of electrodes and 
extraction wells (electrodes can be inserted 
into any extraction well in the system) 

• Add additional electrode/extraction points to 
target entrapped COCs in groundwater 

~---Nn------1~ MNA with low temperature 
ERH contingency 

- Engineering/Remediation 
ERRG Resources Group, Inc. 

Hunters Point Shipyard, San Francisco, California 
U S Department of the Navy, BRAG PMO West, San Diego, Cahfom,a 

FIGURE 4-16 
PRELIMINARY OPTIMIZATION 

STRATEGY FOR 
REMOVAL OF NAPL AT IR-03 

Feasibility Study Report for Parcel E 
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Note: See Figure 4-4 for proposed NAPL 
source removal (via excavation) outside 
the proposed slurry wall . 
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Proposed for use in this Alternative 

Existing A-Aquifer Monitoring Well Not 
Proposed for use in this Alternative 

$ Existing B-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Electrical Resistive Heating Remediation 
Area* 

Aerobic In-Situ Bioremediation Injection 
Area 

60 mil HOPE cover within limits of slurry wall -250'- Distance from Shoreline in Feet 

Impacted Groundwater 

Cl 
~-~-------J□ 

Monitored Natural Attenuation Area 

Location of Waste Oil Reclamation 
Ponds from Historical Aerial Photos 

~ IR02MW4~A 

-$- IR02MW173A 

CJ IR Site Boundary 

CJ Parcel E Boundary 

San Francisco Bay 

- Road 

Slurry Wall (proposed) 

Sheetpile Wall (existing) 

X -x Fencing 

Notes: 
Not all wells within IR-03 will be available 
for monitoring due to presence of NAPL 

• For cost estimating purposes, electrical resistive heating was 
selected as a representative thermal enhancement technology 
for addressing the NAPL source; other thermal enhancement 
technologies may be identified during the remedial design 

This alternative may incorporate multiple removal or treatment 
technologies used in combination to address the NAPL source 
(because of uncertain effectiveness and implementability of 
some technologies) . 

HOPE= high density polyethylene 
IC = institutional control 
ISB = in-situ bioremediation 
MNA = monitored natural attenuation 
NAPL = non-aqueous phase liquid 

---- ENGINEERING/REMEDIATION 
ERRG RESOURCES GROUP, INC. 

Hunters Point Shipyard, San Francisco, California 
U.S. Department of the Navy, BRAC PMO West, San Diego , Californ ia 

FIGURE 4-17 
ALTERNATIVE N-4A 

SOURCE REMOVAL OR TREATMENT, 
ISB, CONTAINMENT, MNA, AND ICs 

Feasibili Stud Re ort for Parcel E 
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Note: See Figure 4-4 for proposed NAPL 
source removal (via excavation) outside 
the proposed slurry wall. 
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60 mil HOPE cover with in limits of slurry wall 

, IR02MW403A 

-$- IR02MW173A 

LEGEND 
-$- Proposed A-Aquifer Monitoring Well 

for use in this Alternative 

Existing A-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Existing A-Aqu ifer Monitoring Well Not 
Proposed for use in this Alternative 

Existing B-Aqu ifer Monitoring Well 
Proposed for use in this Alternative 

Electrical Resistive Heating (with Steaming) 
Remediation Area* 

-250•- Distance from Shoreline in Feet 

Impacted Groundwater 

CJ Monitored Natural Attenuation Area 

□ Location of Waste Oil Reclamation 
Ponds from Historical Aerial Photo 

CJ IR Site Boundary 

CJ Parcel E Boundary 

San Francisco Bay 

Road 

- Slurry Wall (proposed) 

-- Sheetpile Wall (existing) 

x-x Fencing 

Notes: 
Not all wells within IR-03 will be available 
for monitoring due to presence of NAPL. 

• For cost estimating purposes, electrical resistive heating was 
selected as a representative thermal enhancement technology 
for addressing the NAPL source; other thermal enhancement 
technologies may be identified during the remedial design 

This alternative may incorporate multiple removal or treatment 
technologies used in combination to address the NAPL source 
(because of uncertain effectiveness and implementability of 
some technologies) 

HOPE = high density polyethylene 
IC = institutional control 
MNA = monitored natural attenuation 
NAPL = non-aqueous phase liquid 

---- ENGINEERING/REMEDIATION 
ERRG RESOURCES GROUP, INC. 

Hunters Point Shipyard, San Francisco, California 
U.S. Department of the Navy, BRAG PMO West, San Diego, California 

FIGURE 4-18 
ALTERNATIVE N-4B 

SOURCE REMOVAL OR TREATMENT, 
STEAMING, CONTAINMENT, MNA, AND ICs 

Feasibili Stud Re art for Parcel E 
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Note: See Figure 4-4 for proposed NAPL 
source removal (via excavation) outside 
the proposed slurry wall. 
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Proposed A-Aquifer Monitoring Well 
for use in this Alternative 

Existing A-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Existing A-Aquifer Monitoring Well Not 
Proposed for use in this Alternative 

Existing B-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Electrical Resistive Heating Remediation 
Area* 

Aerobic In-Situ Bioremediation Injection 
Area 

Soil Excavation Area** 

-250'- Distance from Shoreline in Feet 

Impacted Groundwater 

CJ Monitored Natural Attenuation Area 

□ Location of Waste Oil Reclamation 
Ponds from Historical Aerial Photos 

c:::J IR Site Boundary 

c:::J Parcel E Boundary 

San Francisco Bay 

Road - Slurry Wall (proposed) 

-- Sheetpile Wall (existing) 

x-x Fencing 

Notes: 
* For cost estimating purposes, electrical resistive heating was 
selected as a representative thermal enhancement technology 
for addressing the NAPL source; other thermal enhancement 
technologies may be identified during the remedial design. 

This alternative may incorporate multiple removal or treatment 
technologies used in combination to address the NAPL source 
(because of uncertain effectiveness and implementability of 
some technologies) . 

** Soil to be excavated from the ground surface to 
the water table (~9 feet below ground surface) 

Not all wells within IR-03 will be available 
for monitoring due to presence of NAPL 

HOPE= high density polyethylene 
IC = institutional control 
ISB = in-situ bioremediation 
MNA = monitored natural attenuation 
NAPL = non-aqueous phase liquid 

---- ENGINEERING/REMEDIATION 
ERRG RESOURCES GROUP, INC. 

Hunters Point Shipyard, San Francisco, California 
U.S. Department of the Navy, BRAC PMO West, San Diego, Californ ia 

FIGURE 4-19 
ALTERNATIVE N-5 

SOURCE REMOVAL AND NAPL 
EXTRACTION/TREATMENT, 

CONTAINMENT, ISB, MNA, AND ICs 

Feasibilit Stud Re ort for Parcel E 
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Note: See Figure 4-4 for proposed NAPL 
source removal (via excavation) outside 
the proposed slurry wall. 
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for use in this Alternative 

Existing A-Aquifer Monitoring Well 
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Existing A-Aquifer Monitoring Well Not 
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Existing B-Aquifer Monitoring Well 
Proposed for use in this Alternative 

Soil Excavation Area* 

-250•- Distance from Shoreline in Feet 
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c:::J 

-
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Impacted Groundwater 

Monitored Natural Attenuation Area 

Location of Waste Oil Reclamation 
Ponds from Historical Aerial Photos 

IR Site Boundary 

Parcel E Boundary 

San Francisco Bay 

Road 

Sheetpile Wall (proposed) 

Sheetpile Wall (existing) 

Notes : 
• Soil to be excavated from the ground surface to 
the Bay Mud aquitard (-35 feet below ground surface) 

Not all wells within IR-03 will be available 
for monitoring due to presence of NAPL 

IC = institutional control 
MNA = monitored natural attenuation 
NAPL = non-aqueous phase liquid 

---- ENGINEERING/REMEDIATION 
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Hunters Point Shipyard, San Francisco, California 
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FIGURE 4-20 
ALTERNATIVE N-6 

SOURCE REMOVAL BY 
EXCAVATION, MNA, AND ICs 

Feasibili Stud Re ort for Parcel E 



• 
Tables 

• 

• N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FSIB_Originals\Parcel-E_FS\05Final\Fina1Parce1E_FS.docx 

ER.RG 



• • 
Table 4-1. Soil and Shoreline Sediment Remedial Alternatives for Parcel E 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

! 
I 
I 

General 

1

1 

Response Action 
Remedial 

Technology Process Options 
S-1: No 
Action 

__ -~~-~~~o~-------l-- No_n~ _______ -------------~~~~-- __ --------------~-----1-
Institutional 

Controls 

Engineering 
- Controls1 

1
1 Legal 
I Mechanisms 

·: 
i 
! Physical 

Barriers I 

Covenants to Restrict Use 
of Property and Deed 

Restrictions 

Fencing, Barriers, and 
Signs 

Monitoring Monitoring 

S-2: Covers, 
ICs, and 

Shoreline 
Protection 

✓ 

✓ 

✓ 

S-3: Excavation and 
Disposal of Tier 1 

Locations, Covers, ICs, 
and Shoreline Protection 

✓ 

✓ 

✓ 

• 
S-4: Excavation and Disposal 
of Tier 1 and Tier 2 Locations, 

Covers, SVE, ICs, and 
Shoreline Protection 

✓ 

✓ 

Monitoring I Soil Gas F Periodic Soil Gas 

- Containm~~t-- -- - -- -Caps/Cov-;rs2 Soil -C-o-ve_r ___ -- ------------- -- - -- - ---~------ ------✓----_--_---_----_---_-··======-

1 Asphalt or -:::---------r- ✓ 

✓ 

✓ 

. 

1 Concrete Cover I 

Engineered Cover ✓ · I ✓ 
·+----····-----------·-··---------- ------------- . .. i . . 

j Shoreline Rock Revetment 

I Armoring
3 

-+---------------·-·-···· i 

Shoreline Natural Shoreline·-r-

1 

• • 

Stabilization Materials with Underlying 
, (Hybrid) 3 Rock Armor 

✓ 

✓ 

✓ 

✓ 
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Table 4-1. Soil and Sediment Remedial Alternatives for Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

I S-2: Covers, S-3: Excavation and S-4: Excavation and Disposal 

I ICs,·and Disposal of Tier 1 of Tier 1 and Tier 2 Locations, 
General I Remedial S-1: No Shoreline Locations, Covers, ICs, Covers, SVE, ICs, and 

- ---- ---- I - •-----------~ ---- - -- -- - ------'----- -- -· ---- --- ------- ---- ---- ---- --

and ShorelineProtection Shoreline Protection Response Action Technology Process Options Action l Protection 
l 

i I I 
In Situ Treatment Physical-

I 
Soil Vapor Extraction 

Chemical ✓ 

Treatment 
I 

i __ .,, ---~--------------- - ---- - ·-------~--~-~------·-·-·- ---
Removal Excavation and Permitted Off-Site 

Off-site Disposal Facility ✓ ✓ 

Disposal4 

Notes: 

1. Engineering controls would be used during remedy implementation and in conjunction with ICs. 

2. Cap and cover type would vary based on plarined reuse and nature of contamination to be contained. 

3. Based on the evaluation presented in Appendix D, the following shoreline protection options will be incorporated into Alternatives S-2, S-3, and S-4: Armoring (rock revetment) will be 
installed in the steep and narrow shoreline areas. Steep and narrow areas of the intertidal shoreline zone are predominately narrow (most of the area is 50 feet wide or less) with 
predominately steep slopes (1V:3H). Hybrid stabilization using natural shoreline materials with underlying rock armor will be installed in the gradually sloped and wide shoreline areas. 
Gradually sloped and wide areas of the intertidal shoreline zone are predominately wide (most of the area is greater than 50 feet wide) with predominately gradual slopes (less than 
1V:3H, with many portions close to 1V:10H). 

4. Excavation volume would vary but would exclude removal of ubiquitous metals at concentrations exceeding remedial goals. 

ICs = institutional controls 

SVE = soil vapor extraction 
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• Table 4-2. · Major Components ofSoil Alternatives by Redevelopment Block 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Fr~ncisco, California 

Alternative 

Component S-1 S-2 S-3 S-4 

Institutional Controls No Action All RBs All RBs AIIRBs 

Shoreline Protection EOS-1, EOS-2, EOS-1, EOS-1, 
EOS-3, EOS-4 EOS-2, EOS-2, 

EOS-3, EOS-3, 
EOS-4 EOS-4 

Excavation and EOS-1, EOS-1, 
Disposal EOS-2, EOS-2, 

EOS-3, EOS-3, 
EOS-4, EOS-4,. 

MU-1, MU-2, MU-3, MU~1, MU-2, MU-3, 
Railroad Right-of- Railroad Right-of-

Way Way 
----·-----

Fuel Line Closure EOS-3, EOS-3, EOS-3, 
EOS-4 EOS-4 EOS-4 
·-·--·· 

Steam Line Closure EOS-3, EOS-3, · EOS-3, 
EOS-4, EOS-4, EOS-4, 

j MU-2, MU-3 MU-2, MU-3 MU-2, MU-3 
·-·-·--·--···--·- ·- -·------·-----·-·-

• Covers EOS-1, EOS-1, EOS-1, 
EOS-2, EOS-2, EOS-2, 
EOS-3, EOS-3, EOS-3, 
EOS-4, EOS-4, EOS-4, 
EOS-5, EOS-5, EOS-5, 

MU-1, MU-2, MU-1, MU-2, MU-3. MU-1, MU-2, MU-3 
MU-3,Portions 

of Railroad 
Right-of-Way 

Soil Vapor Extraction MU-2 

Periodic Soil Gas MU-1, MU-2, MU-1, MU-2, MU-3 MU-1, MU-2, MU-3 
Monitoring MU-3 

Notes: Proposed covers and fuel/steam line closures are identified on Figure 4-1, and locations planned for excavation are listed 
in Table.4-3. 

RB = Redevelopment Block 

"--" = Dashes indicate component not included in the listed alternative 

• N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_F_SI05Final\Tables\Tables 4-2_ 4-S_rev.doc ~\-·-·-; ERRG~601 l-0000-0006 Page 1 of 1 ERRG 



• • • 
Table 4-3. Proposed Excavation Areas at Parcel E . 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

I 
Depth of Proposed Excavation Detected 

. Proposed Excavation Volume Concentration Sample Depth 
Excavation Name Length Width (feet bgs) (cy) Sampling ID No. coc (mg/kg) (feet bgs) Sample Classification 

EXCAVATIONS AREAS UNDER ALTERNATIVES 5-3 AND 5-4 (see footnotes 1 and 2) 

Lead 871 1.25 i Tier 2 Location 
!------------+------+--------+------------

Zinc 4,560 1.25 I Tier 2 Location 

Total TPH 28,000 1.25 i TPH Location 

Copper i 6,830 3. 75 Tier 1 Location 

Copper 6,780 8.75 l Tier 1 Location 

Total TPH 9,500 8.75 I TPH Location 
IR02B521 Benzo(a)pyrene 3.5 2 Tier 2 Location 

Copper 11 ,000 2 Tier 1 Location 

Total TPH 6,100 2 TPH Location 

--·····-·---------+ ____ ,.___~__, _______ __,___ ---+-------------1----B_e_nz_o_(a)pyrene ____ ____,__ ___ 2_.6_'--_,__ __ 3 __ ----+ ___ T_i_er_2_L_oc_a_t_io_n __ _ 
EX02B250 20 20 6 

EX02B256 50 40 9 

EX02B288 65 50 6 

EX02B412 115 40 4 

EX02B428 40 20 5 

EX02B456 50 50 8.5 
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89 IR02B250 Total TPH , 8,900 4 TPH Location 

667 Grid 166 Sidewall1 Zinc ·-----+: __ ..:9.:.:,0:..:0:.::0 __ +-__ 7_.5_....;...-+---'-· ...:.Tc.:ie:.:.r...:1...:L::..:o:..:c..:a..:tio::..:nc...... __ 
Grid 166 Sidewall2 Copper 7,000 6.5 Tier 1 Location 

722 

681 

148 
787 

1------Le_a_d ________ 5,'--5_0_0 __ +-__ 6 __ .5 _____ ___ Tier 1 Lo:..:c..:at::..:io:.:.nc._ __ 
Zinc 11,000 6.5 Tier 1 Location 

IR02B256 Copper 8,539 3.75 Tier 1 Location 

Lead , 19,697 3. 75 Tier 1 Location 

Zinc 15,876 3.75 Tier 1 Location 
-rn-~.- •-•----

IR02B288 Lead 10,600 3.25 Tier 1 Location 
IR02TA17B Zinc 15,876 3.25 Tier 1 Location 
IR02B412 Benzo(a)pyrene 2 1.6 Tier 2 location 
IR02B416 Benzo( a )pyrene 3.5 2 Tier 1 Location 
IR02B428 Total TPH 7,100 3 TPH Location 
IR02B361 Total TPH 9,400 2.75 TPH Location 

Total TPH 14,035 6.25 TPH Location 
IR02B418 •Zinc 3,900 3 Tier 2 Location 
IR02B456 Copper 5,700 3 Tier 1 Location 

Total TPH 3,800 3 TPH Location 
IR02GB361C Total TF'H i 18,205 4 TPH Location 

Total TPH 14,100 4 1------------,--~-- I 
TPH Location 

TPH Location IR02GB361S1A To ta I TPH ; 16,537 6 

-1-~:-f; 
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Table 4-3. Proposed Excavation Areas at Parcel E (continued) 
Feasibility Study Report for Parcel E. Hunters Point Shipyard, San Francisco, California 

I 
Depth of Proposed Excavation 

I 
Detected 

Proposed Excavation Volume Concentration Sample Depth 
Excavation Name Length Width (feet bgs) (cy) Sampling ID No. , coc (mg/kg) (feet bgs) Sample Classification 

REDEVELOPMENT BL(?gK EOS-1 (continued) ' 
,. r--ii:'2'\"· ·:-c,;-t ,•:.c:_,! _ ,: . .-:-,'-(-;';:" ::·:- :;;;f-g,:~r,- :· ::t:?::·,,c3,\L :,·": .-,,::.:,,.\:ii:t:e,:,; ', ,_,.,,-,,,:,,: •·t:: :.:::c --\ ·,: · .. -. '~· 

' .. . '. ,, .~ •c •-" , .,, 

EX02B524· --=-- -- ··85 - 50 5.5 -- --866~ ~ -GRID 99-1,115,10372 -Arsenic-- -- . -66 .o,.- ~~=- :a..=--.=,c - -Tier-2 lcocation 
Copper ,3,800 0 Tier 2 Location 

Lead 2,600 0 ! Tier 1 Location 
Zinc 13,000 0 Tier 1 Location 

IR02B524 Aroclor-1260 40 2 Tier 1 Location 
Copper 2,800 2 Tier 2 Location 

I Total TPH 8,300 2 TPH Location 
IR02TA15A Zinc 10,100 3.25 Tier 1 Location 

EX02B525 40 40 5 296 IR02B525 Copper 11,000 2.7 Tier 1 Location 
EX02GR73SW 40 40 3 178 GRID 73 SIDEWALL Aroclor-1254 11 0.5 Tier 1 Location 

Dieldrin 0.82 0.5 Tier 2 Location 
Lead 6,300 0.5 Tier 1 Location 
Zinc 8,000 0.5 Tier 1 Location 

EX02GR93SW 40 40 9 533 Grid 93 Sidewall Copper 16,000 6.5 Tier 1.Location 
Lead 15,000 6.5 Tier 1 Location --

TotalTPH 8,500 6.5 TPH Location 
---·--· 

EX02GR117SW 40 40 7 415 GRID 117 SIDEWALL Aroclor-1260 6,7 2 Tier 2 Location 
) Total TPH 33,037 2 TPH Location 

' ~----fota1TPH 8,100 3 TPH Location 
Total TPH 15,801 4.6 

I TPH Location 
EX02GR131SW 20 20 9 I 133. ' Grid 131 Sidewall Total TPH 5,853 7 TPH Location -----
EX02GR132BT 50 20 8.5 315 Grid 132 Bottom TotalTPH 14,008 6 TPH Location 

Grid 123 Sidewall Total TPH 14,337 2 TPH Location 
Total TPH 7,000 5.6 TPH Location 

EX02GR179SW 40 40 7 415 Grid 179 Sidewall Copper 6,600 5.5 Tier 1 Location 
Zinc 7,600 5.5 Tier 1 Location 

EX02GR184SW __j 40 40 7 415 Grid 184 Sidewall Aroclor-1254 940 4.5 Tier 1 Location 

REDEVELOPMENT siiptKEOS02' -:Cc• ·-·,( . ~-;:_~~= Vi:¾.J~:~'.",f: tt, "'";,--:e•-,cc· ___ ":;, :':.'!iC,:.:"·;i ,'~%~:r."-sc,:rrt };:',' :;, _:,· ,. -. : : ;'~it ~'"~c;:;1i=kt·'.){(, : ;,,··,c;, : 
EX02B100 ! 40 40 3.5 207 IR02B100 Aroclor-1260 32 1.12 Tier 1 Location 
EX02B398 40 40 5 _296 IR02B398 Lead 2,300 3 Tier 1 Location 
EX02B401 100 60 5 1,111 IR02B393 Aroclor-1260 6.600 2 Tier 1 Location 

Aroclor-1260 38 3 Tier 1 Location 
IR02B401 Aroclor-1260 35 2 Tier 1 Location 
IR02B475 Aroclor-1260 3,700 2 Tier 1 Location 

I Aroclor-1260 31 3 Tier 1 Location 
EX02B403 40 40 5 296 IR02B403 Manganese 26,000 3 I Tier 1 Location 
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• • • 
Table 4-3. Proposed Excavation Areas_·at Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

i Depth of Proposed Excavation Detected 
Proposed 1 Excavation Volume Concentration 

Excavation Name I Length Width (feet bgs) (cy) Sampling ID No. COC (mg/kg) 
Sample Depth 

(feet bgs) Sample Classification 
,REDEVELOPMENT BLOCK EOS-2 (continuedf;-i:,:: E · .. ·:; : ... ::: ::., :·• ':::::: ::i:: :i;::,i'.\:ir':\'):";'··' >,, ,;,:, >'::I(.f;,'''>i ,::;; ;-,:: :;; ,': .. :~f:,;:;:,:::i.;.:_;"· '';:': _ .: .~: :, .. t1:h i;;; ... , _ ··:;_ , ·,' ·' :•:·<s , .,.,· 

EX02B415 ! 80 55 5 815 IR02B415 Aroclor-1260 16 I 2 Tier 1 Location 
! Lead 2,300 3 Tier 1 Location 

IR02B417 Aroclor-1260 39 2 Tier 1 Location 
IR02SS321 Aroclor-1260 5 j 0,5 Tier 2 Location 

Arsenic 85 0.5 Tier 2 Location 
Lead 968 I 0.5 Tier 2 Location 

-·• 
EX02B461 40 

-· 

I 
·-

EX02S320 40 

40 5 

40 2.5 

5 

11 

45 

3 

296 IR02B461 Benzo( a )pyrene i 
~zo(b )fluorantheile i ·----- I 148 IR02SS320 Aroclor-1260 

Benzo( a )pyrene 

3 Tier 1 Location 
3 Tier 2 Location 

v.~•n"-"'" ""'" 

0.5 Tier 1 Location 
0.5 Tier 2 Location 

i Benzo(b )fluoranthene 8 0.5 Tier 2 Location 

... ·;~.<:-';- ,,;,;;~[.,,,:','" 1'· 
', 

EX02GP002 20 20 10 

EX02GP008 20 20 10 

EX02GP016A 20 20 16 

EX02GP038 20 10 

EX02GP040 60 16 

148 062-002 

148 062-008 

237 062-016 

148 062-038 

2,667 062-040 

062-042 

Total TPH 25,700 

Total TPH 6,600 

Total TPH 32,000 I 

Total TPH 19,100 
f----:-T:-o-tal TPH 9,500 

Total TPH I 20,051 
Total TPH 10,490 

Total TPH I 10,100 

Total TPH 3,970 
f-----:,Tc-o-tal TPH 3,930 

i 
! 

062-048 Total TPH 8,913 

11. 

12 

5 

10 

16 

15 

5 

16 

5 
15 

15 
11 j· 062-048 TotalTPH 5,100 

----.,--,-,-----i_--,---1----+-----,-----1-----j-l ___ IR;--0--,3_Bc3 __ 63 ______ __,,T,...o_ta~I ,,,,T~P_H ______ 7_,4_56 __ -t------f---
EX02GP050 20 20 16 237 ! 062-050 Total TPH 4,150 I 

9 

15 
EX02GP051A 20 20 16 237 062-051 Total TPH 7,510 16 
EX02MW146 i 20 20 10 148 IR02MW146A Copper 2,660 1.25 

1 Total TPH 5,070 
···--E-X_0_2M_W_1_7 __ 3_A_ - -r- ·2O---1---20---+-----10----+--1-4-8~--t--·IR02MW173A Copper 4,431 

8.75 

1.25 
Lead 1,075 1.25 . Total TPH I 9,600 8.75 

l 40 

I 
EX03SS368 40 2 119 IR03SS368 Benzo(a)anthracene 14 

Benzo( a )pyrene 11 

Benzo(b )fluoranthene 30 

0 

0 

0 

i Benzo(k)fluoranthene 7 0 
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Table 4-3. Proposed Excavation Areas at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

I 
•, 

Depth of Proposed Excavation Detected 
Proposed I 

Excavation Name i Length Width 
Excavation Volume Concentration Sample Depth 
(feet bgs) (cy) Sampling ID No. COC (mg/kg) (feet bgs) Sample Classification 

REDEVELOPMENT.BLOCl(EOS~,3~(c:';'.·o~nt~·in~u~ed~J~.;,_-..:_::__c:;.··'~ ·;:n£:Zt!~i:"f•~--~-'--..:.....-~_: ·c~,--··:::_•. ':::ii ;~f:2:":'.:.±''Si:;:; •. ~ -~_...::· ·..::.--~:i '··_._.,_ •·~-':c&;c~;i,i;,:~;;:::c:'.':':J;:\,/::.:_·_;:,__ i".·_··::.:. •·..:: '-·.;,_•·--::.:_·· ...::·:~}•t~_o=J~·t~:i~~,··~·•·.,tJ.:':.-:i!''.· .''L·· '·<::..'...::·-•·-c....:,r'-: . ...::•..:·· X:.::.'2·:::'::_i·.: ;:'~;cc~:::'.':t:}::,:,·'-'--'~~. 
EX03SS368(cont.) - -'---40- - 40 - -2-~ - .119 - --IR03SS368~ ~ -,Copper- 10,500- -----0 Tier,tLocation-

Dibenz(a,h)anthracene . 2 0 Tier 2 Location 

lndeno(1,2,3-cd)pyrene 10 O Tier 2 Location 

40 3 178 IR02TA40B 
. · •i''C:::,;c--;-·•1··, :c:_·-f __ , ·- ; .. .,,,,,,),,t:1t:e., ~,;•:•· :,: : 

20 8.5 126 IR02B355 Total TPH 8,500 6.25 TPH Location 
40 3.5 389 IR02B369A 3.490 I· Copper 1.25 Tier 2 Location 

5,970 Lead 1.25 Tier 1 Location 
IR02B371 3,510 Copper 1 0.75 Tier 2 Location 

6,130 Lead 0.75 Tier 1 Location 
8,009 Total TPH TPH Location 

EX02B464 80 50 5 741 IR02B464 18 Benzo(a)anthracene 2 Tier 1 Location 
15 Benzo(a)pyrene 2 Tier 1 Location 
12 Benzo(b )fluoranthene 2 Tier 2 Location 
14 Benzo(k)fluoranthene 2 Tier 1 Location 

IR02B491 2 Benzo(a)pyrene 3 Tier 2 Location 
10,000 Copper 3 Tier 1 Location 

EX02B468 20 20 3 44 IR02B468 Total TPH 2 TPH Location 
----EXO2B497-----l---7-0--1---40--+----4 ----+---4-1_5 __ 4--_ _;___I_R..:0_2_B_4_97----!-----A-rs_e_n-ic------+---'---,---l----2--+-----=T.:.ie.:.r.:..2=L::.:o:.::ca"'t::..io:.:.n 

' 

5.400 

73 

5,000 GRID 100 Lead 1.5 Tier 1 Location 
EX02B505 40 40 5 296 3.3 IR02B505 Benzo( a )pyrene 3 Tier 1 Location 

7 Benzo(b)fluoranthene 3 Tier 2 Location 
EX11B023 3.5 150 IR11B023 38 Aroclor-1254 0.5 Tier 1 Location 

30 Aroclor-1254 1.5 Tier 1 Location 
EX15B027 40 40 4 237 IR15B027 15,000 Copper 2 Tier 1 Location 

4,300 Lead 2 Tier 1 Location 
I 40 40 3 178 0803S4A Benzo(a)pyrene 0.5 Tier 1 Location 

___ _ _ _ ___ .. __ ...... i,_'i ;;.,";·c:,::-:-:,t-'.---::---:::-::j-;-;;;;7:,;::;:;::;;;:-;-;~~~-;-;T:-;-;c::::-::;:::::f:-:::;-:-:~-;-;~;:7~~-;-;~tp;--;;B:;:e;:,n:-;:z,;;o~(b::':)f-:-lu-;;o:-;:r-:-an-:-t-:-h?enTe:-:::-C~7 ~;:::-:-9?.4-;-;;;;-,;--:'::::;;:--;-:,,c;-0:-:.50':':-:::-;:;-;t~c;:~Tier 2 Loca __ tio_n __ _ 
REDEVELOPM~NT_ B~9S~~J~~:?,1·~ :.;:~::~ ... ·.·.: ,. • ::·_;;'.>•.1:::~;:~~:';:_;:;:~~~~:~~~~~ ,,::r,:~~ ,.,~_;,. '"/1 ::)'·.:; -"~:;-:~'..:,·::. ::/':,~;:~:: .. ~,~i~~.:~ ~ , .. ,., ; ~,z_::f~:~·:~;,-_;:~::::·;L:;._ · ,:·~:\: ,~:~;~~~ "·" .. ~ · ·.,:~ ,~<, ·.· :-~ .. ~~~- ·, · <}i;.;~:;·,,:. •,,~-,~:k:,~ 1<''. · ::;"-·~,~ · ~.,:; ,.,.,.. :~·~·.,:~:~:~:~~.:~:}~1,~~:~ .~<:~-~:. _ .,, ,,~ :.· 

EX01SS349 ' 40 40 148 IR01SS349 Aroclor-1260 3.6 . 0.5 Tier 1 Location 

EX380803 4.8 

889 I IR05B094 Aroclor-1260 

Aroclor-1260 

EX05B094 60 40 10 Tier 1 Location 
Tier 1 LoCa-tio_n __ _ 

14 2 

16 10 
>----~l'R~0~5""B,.,0,.,9,.,5,----+----A....-r_o_c~lo-r--..1"'2-,-60,-----+-----,-,----l----:,----+-----::T::-ie-r--=2"'L:-o-c-a"'tio_n __ _ 1.4 2 

IR05B105 Aroclor-1260 1.3 i 2 
EX05B104 80 80 4 948 IR05B087 Aroclor-1260 4.8 1.25 

IR05B090 Aroclor-1260 Tier 1 Locatio 6.8 2 

IR05B104 Aroclor-1260 Tier 1 Location 6.8 I 2 
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• • • 
Table 4-3. Proposed Excavation Areas at Parcel E (continued) 

Feasibility Study ReportJor Parcel E, Hunters Point Shipyard, San Francisco,. California 

Depth of Proposed Excavation Detected 
Proposed Excavation Volume Conceritration Sample Depth 

Excavation Name Length Width (feet bgs) (cy) Sampling ID No. coc (mg/kg) (feet bgs) Sample Classification 

REDEVEL6i>MENT BLOCK ivlU 01 (coritinued)·;,r;} ... .. :, .. :: ,;,- . ::: ~~tF:.es -~;.·::. s;:·r::;_-:c-•:•,,r,,_ "'"'"'""""·:,,:':Ct "~·t,=i -f.Y~_ ·-' ~-· ·-·=·.·-:;.;_;;::':_-::-~: ::,;ciiii} .. ; +;,i::::'.•;;)E;ic, .. ·c ,,,, • ··:C;:',;,;;,·.··-\;';·:;::-' . ,; _i -· 
EX05MW85A 80 80 5.5 1,304 IR05MW85A Arsenic 90 . 3.25 Tier 2 Location 

Copper i 1,030 3.25 Tier 2 Location 

Mercury i 200 3.25 Tier 1 Location 
-·-· 

Naphthalene 11. 3.25 Tier 2 Location 

IR36B148 Arsenic 244 2 Tier 1 Location 

Copper 4,040 2 Tier 1 Location 
--·· ··--""··-··-•-·~ ----· ···-···-

PA36MW03A Copper i 3,560 3.75 Tier 1 Location _m_, __ 
Zinc 1,960 3.75 Tier 2 Location 

•-&•• 

EX12MW17A 40 40 8.5 504 IR12MW17A Aroclor-1260 3.9 1.25 Tier 1 Location 

Aroclor-1260 1.6 6.25 Tier 2 Location 

Zinc i 2,910 6.25 Tier 2 Location 

EX12MW18A 40 40 8.5 504 IR12MW18A A_roclor-1254 i 0.6 1.25 Tier 2 Location 

Lead i 6,570 3.75 Tier 1 Location 
·---

Zinc 3,400 3.75 Tier 2 Location 

Bis(2-ethylhexyl)phthalate 110 6.25 Tier 1 Location·--
---~-•• ••-•~• wu,_ ---•- ...... " 

EX12SS16 60 40 2 178 IR12SS13 Aroclor-1260 1.6 0 Tier 2 Location ·--~---
Copper 1,470 0 Tier 2 Location 

IR12SS16 Benzo(b }fluoranthene 1.8 0 Tier 2 Location 

Copper 7,920 0 Tier 1 Location 

Zinc 1,980 0 Tier 2 Location 

EX12SS17 40 40 2 119 IR12SS17 Aroclor-1254 I 1.6 0 Tier 1 Location 

Aroclor-1260 5.3 0 Tier 1 Location 

Copper I 1,370 0 Tier 2 Location 
·--···~-----

' Zinc i 4,200 0 Tier 1 Location 

EX12TA08 40 40 10 593 IR12TA08 Aroclor-1254 33 2.75 Tier 1 Location 
-·-- --·-" 

Aroclor-1260 10 2.75 Tier 1 Location 

Aroclor-1254 i 1.8 8.75 Tier 1 Location 
40- ··---·-

EX12TA10 40 5 296 IR12TA10 Aroclor-1260 1.2 2.25 Tier 2 Location 

Copper ! 2,060 2.75 Tier 1 Location 

Vanadium 645 2.75 Tier 2 Location 

EX138003B 60 40 4. 356 IR138003B Aroclor-1260 1.8 1.75 Tier 2 Location 

Copper 2,350 1.75 Tier 1 Location 

IR138020 Benzo(b )fluoranthene 3.6 2 Tier 1 Location 

EX138004 40 40 4.5 267 IR13B004 Copper 5,288 2.25 Tier 1 Location 

I Mercury 31.2 2.25 Tier 1 Location 
••A>A>A, nH•-•-••---

EX138007 40 40 4.5 I 267 IR138007 I Aroclor-1260 7.5 2.25 Tier 1 Location 
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Table 4-3. Proposed Excavation Areas at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Depth of Proposed Excavation Detected 
Proposed Excavation Volume Concentration Sample Depth 

Excavation Name Length Width (feet bgs) (cy) Sampling ID No. coc (mg/kg) (feet bgs) Sample Classification 

REDEVELOPMENT-BLOCK MU-1 (coritinued)'It;:-:'.r ,.'F 
._ --=-•--·=·- : ·, .. " .;, :~:' .. t~~:-:~ ' .. ... ·-z--~'k;;;c~:;:-:; - --: :-, ;-{il;~ii?e: t- ':~ ..,: ... .. - :-":.~.,__; -..,, -- ~-= . ..,.,-.,_ ,· -., =.~-::- -~··. -· , ~. 

EX138010··- 40 40 --- - - - 4 --237 - IR13B010~ - Benzo( a )anthracene - i 8.2 ----2--- -- Tier--1 Location - ~ 
Benzo( a )pyrene 6.4 2 Tier 1 Location 

Benzo(b )fluoranthene 13 2 Tier 1 Location 

EX13B023 80 40 4 474 IR13B023 Benzo( a )anthracene 5.7 2 · Tier_ 1 Location 

Benzo( a )pyrene 2.2 2 Tier 2 Location 

Benzo(b )fluoranthene 5.2 2 Tier 1 Location 

IR13B006 Copper 3,929 1.75 Tier 1 Location 

Mercury 12.5 1.75 Tier 2 Location 

Zinc 2,901 1.75 Tier 2 Location 

EX36B027' 40 40 4.5 267 PA36B027 Copper 6,002 2.25 Tier 1 Location 

EX36B062 60 40 10 889 IR36B062 Arsenic i 168 6.25 Tier 1 Location 

Copper 6,520 6.25 Tier 1 Location 

Heptachlor Epoxide 0.0052 6.25 Tier 2 Location 

Lead ! 1,510 6.25 Tier 2 Location 

Mercury 22.4 6.25 Tier 2 Location 

Zinc i _5,710 6.25 Tier 1 Location 

IR36B210 3,3'-Dichlorobenzidine 0.13 10 Tier 1 Location 

Copper 2,200 10 Tier 1 Location 

EX36B063 40 40 8.5 504 IR36B063 Benzo(b )fluoranthene 1.9 6.25 Tier 2 Location 

Copper 1,623 6.25 Tier 1 Location 

Lead i 783 6.25 Tier 2 Location 

Mercury 102 6.25 Tier 1 Location 

EX36B138 40 40 3 178 IR36B138 Aroclor-1260 9 1 Tier 1 Location 

EX36B180 80 40 4 474 IR36B180 Aroclor-1260 2.3 2 Tier 1 Location 

Copper·. I 1,500 2 Tier 2 Location 

IR36B187 Copper' 
' 

3,100 2 Tier 1 Location 

IR39B032 Aroclor-1260 1.7 2 · Tier 2 Location - ., 

REDEVELOPMENTBL:OCK MU-2 ;\;- __ ... ,. ; ,-:::_' .. ,'.:·,-' <"f";~--. · \,;_;;:?1'~f~;:0~f :i __ .: > .. ,r:,iiL: .i:i'j'lW~; ,;f): ce, "· 
; ·,·-~,1%r :i::;c;-' -,.,:.::;,;; ;Ds';JJi/"Ist';:~,;,:?-/;: -_, :/' ·· __ ,,s_._;;,.,,;,:,X"f, i} 

EX14MW10A 40 40 4.5 267 IR14MW10A Copper 3,020 2.25 Tier 1 Location 

Zinc i 2,020 2.25 Tier 2 Location 

EX14SS05 40 40 2 119 IR14SS05 Aroclor-1254 3.4 0 Tier 1 Location 

Aroclor-1260 2.8 0 Tier 1 Location 

Cadmium : 20.6 0 Tier 2 Location 

Copper 1,920 0 Tier 1 Location 

EX36B015 40 40 4.5 267 PA36B015 Copper 1,280 2.25 Tier 2 Location 

Mercury ! 37.6 I 2.25 Tier 1 Location 

-N,-IP-,OJ-.ec-ls-l200-5P-,OJ-_ec-t-s12_5-04_9-_N-avy-_-H-PS-_-E--2_-R-I-F-SIB ___ O_rig-in-als_\P_ar_cel_-E __ -FS_\05_F-in-al-lT-ab-les-\T-ab-le-4--3-_,e_v_1_x-ls----------------------------------------------'- ~'~.~~: 
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• • • 
Table 4-3. Proposed Excavation Are.as at Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Depth of Proposed 
Excavation 
(feet bgs) 

Excavation L Detected 
Volume 

1

: Concentration Proposed 
Excavation Name Length Width 

Sample Depth 
(cy) Sampling ID No. . COC (mg/kg) (feet bgs) Sample Classification . 

REDEVELOPMENT BLOCK IIIIU<l(coniinued) .;,, ~: ;;k:• . ·: . . ·"_''~>~:,~ '. . ,; ; · ,-;•_;~f\';~:Jbj:{,":-:~;,:,1~;.:=:- .. : .. :,.fr~;~~:; .•• .. ,. ~ " .. ···/:):i~ac;~~i:-~::~~,~,'.cc,C:""~'-': -. .• - '.Ui°:,:T~lf:~:.';~ ·•·· .•.. '; ''"" ; .: ~,; :'fe'; 
EX36B072 60 40 4 356 i IR36B072 Arsenic 105 1.25 Tier 2 Location 

Copper I 2,550 1.25 Tier 1 Location 
~-IR36B219 2 Arsenic , 130 Tier 1 Locati 

. 

_______ -----------+----+-----+---------+~--------------;-1 ______ Copper : ·3,200 --t-___ T_ie_r_1_~~-a!i 2 
------

EX36B116 
----.EccX-c-3.6B 162 

40 

40 

EX04B011 105 

40 

40 

4 

10 

60 4 

237 

593 

933 

IR36B116 

IR36B162 

IR04B011 

1.75 bis(2-Ethylhexyl)phthlate 48 Tier 1 Locati 

Copper 2,400 • Tier 1 Locati -----------+------~-------+-------2 

2 Mercury I 28 Tier 1 Locati 

Copper I 810 10 

10 Mercury 14 Tier 2 Location 
"-"' _;;,;.ii·:{j['''', ,., ,, ... , ... ,. t-,. ;;[':/''::;",;:;; ,,~~;":-':::c" 

Copper i 10,400 Tier 1 Locati 
~·------,--,-----+---,-,,..,....,--+----,..,,..,,- -+----,,,,.--,-,----, 

Lead 1,900 Tier 1 Locati 
---· -----------+------~t---------! 

Aroclor-1260 1.4 Tier 2 Locati 

1.75 
- I 1.75 I ---

1.75 
-------,,..,-~--------,----,-,--,----+----.,-----i---,-=-- --------

IR04B032 Aroclor-1260 : 3.3 Tier 1 Locati 
. 

I 1.75 

Lead 1,071 Tier 2 Locati 1.75 
I 

----------,-,,------t-----+----+-----,-----+-----+----------t------,-------+-----,---+-------t----,,-----,--
EX04B012 40 40 8.5 504 IR04B012 Copper i 5,230 Tier 1Locati 1.75 

1.75 Lead 4,850 Tier 1 Locati 

Mercury 17 6.25 

Zinc I 2,220 1.75 

Aroclor-1260 : 1.4 1.75. 

Total TPH 3,520 2 

EX04B015 40 40 3.5 207 IR04B015 Antimony 65 1.25 ' --L---
Aroclor-1260 14 1.25 I 

------------------+--------< 
Copper 1,408 1.25 

Lead 3,166 1.25 

1.25 Zinc 2,570 Tier 2 Location 

EX04B030 40 40 5 296 IR04B030 Antimony i 409 1.25 Tier 1 Location 

Aroclor-1260 8.9 1.25 Tier 1 Location 
l------------------+--------+---------·--·---

Lead ; 6,915 1.25 · Tier 1 Location 

Mercury 47 1.25 Tier 1 Location 
1---------------+-------~-----+------·-~"···I---------

Zinc , 4,105 1.25 Tier 1 Location 

Antimony 57 2.75 Tier 2 Location 
------------•-----+--------+-------ll---K--

Copper I 3,161 2. 75 . Tier 1 Location 

EX12TA13 40 40 6 356 IR12TA13B Copper 3,400 3.75 Tier 1 Location 

EX72SS23 40 40 2 119 IR72SS23 Zinc l 5,400 0 Tier 1 Location 
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Table 4-3. Proposed Excavation Areas at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco. California 

Excavation 
Volume Proposed 

Excavation Name Length Width 

Depth of Proposed 
.Excavation 
(feet bgs) (cy) Sampling ID No. coc 

Detected 
Concentration 

(mg/kg) 
Sample Depth 

(feet bgs) Sample Classification 

RAILROAD RIGHT-OF-WAY 
-EX52BOO9 

EX52SSO2 

EX52SSO6 

~ -~~- -~ 
-- ----~--,-

20 

40 

AO 6 

20 3 

40 3 

Total Tier 1 and TPH Exceedance Excavations= 

Total Excavation Volume for Alternative S-3111 = 

356 

44 

178 

32,155 

32,155 

---IR52B0O9 

Benzo(a)pyrene 13 3.75 Tier 1 Location 

Benzo(b )fluoranthene . 1 ____ 2_1 __ ____. ___ 3_. 7_5 __ ..,_ ___ T_ie_r_1_L_o_c_a_tio_n __ _ 

Benzo(k)fluoranthene 3.5 3.75 Tier 1 Location ------
Dibenz(a,h)anthracene 1. 7 3. 75 Tier 2 Location 

lndeno( 1,2,3-cd)pyrene 5.2 3.75 Tier 1 Location 

PA52SSO2 Total TPH 4,400 0.75 TPH Location 

PA52SSO6 Copper 1 14,267 0.75 Tier 1 Location 

Lead 1,282 0.75 Tier 2 Location 

ADDITIONAL EXCAVATION AREAS UNDER ALTERNATIVE S-4 (see footnotes 1 and 2) 

REDEVELOPMENT BLOCK EOS,.1 
EXO2B442 20 4 59 

EXO2GR71SW 20 20 3 44 

EXO2SS310 20 20 2.5 37 

EXO2TA16A 20 20 4 59 

REDEVELOPMENT BLOCK EOS02 -,>: • · - i l'c;,:Ji;;_};;;:. 
EXO2B4O5 20 20 4 59 

EXO2MW149 55 I 
! 

:REDEVELOPMENT BLOCK·EOS;J:,t;.l 
EXO2BO98D 20 

EXO3B22O 20 

EXO3B343 20 

EXO3B344 20 

EXO3B345 20 

EXO3B367 20 

20 4 163 

':' :: \>-: :: .·: 0:·-:: "-":,,--r::t~·: ·-:}< .. :"· ·c. ,.., 
20 3.5 52 

20 3 44 

20 3 44 

20 5 74 

20 3 44 

20 3 44 

IRO2B442 Aroclor-126O 4.3 Tier 2 Location 
84-GRID 71 SIDEWALL Benzo( a )pyrene 1.8 2.6 Tier 2 Location. 

IRO2SS31O Lead 875 0.5 Tier 2 Location 
.IRO2TA16A . Benzo( a )pyrene 2.5 1. 7 Tier 2 Location 

--------~-·~ -"-•A·" .. ·,·;c:c.,':,_'~°'i'..:";'"· ~.,,'-,-.:.- ~-=cs:--,,- ~-~---- • .,.. ,·;(J·"· '" ··. ., ·•••==:·._,;,:..•c'-/,.. - -:~.&~"[:.;;·:. 

IRO2B4O5 Zinc 6,300 2 Tier 2 Location. 

IRO2B457 Benzo( a )pyrene i 2 2 Tier 2 Location, · 

IRO2MW149A Arsenic 56 1.12 Tier 2 Location 
I f------L-ea-d------+-·--1-,4_4_0 _____ 1 _-1-2--f----T-ie_r_2_L_o_ca-t-io_n __ _ 

.•,:,.,,4,;sNhO:ioc,,::· ;;;";: <:'.i\'i';;:::'i:iJcEi:.'.;[):;,::,;.;; .. ,;:··•·:,,,. ;::'-:·:::,:;:; :!!.;.-::; ·,·:, :.·;; '.;::•.···.\)'''>"'f:)cl,';,;,:,:;/·'.,' 
IRO2BO98D Arsenic 95 1.25 Tier 2 Location 

f------,C,--o_p_p-er----+ !; ---4-, 1_9_9 _____ 1.-2-5--f-----T-ie_r _2_L_o_ca-t-io_n_. __ _ 

IRO3B22O Benzo( a )pyrene 3 1 Tier 2 Location · 

IRO3B343 Benzo( a )pyrene 2 2 Tier 2 Location 
IRO3B344 Copper 2,400 3 Tier 2 Location 
IRO3B345 Copper 3,000 2 Tier 2 Location 
IRO3B367 Arsenic. 80 2 Tier 2 Location 

Copper 3,300 2 Tier 2 Location 
... :::,c-,;·;.t ,:;::·;r:c;(,}zjl:,:: .. ::.;:.:~i;;• .·,. . -: ,-'; ,,:_:,;;'/::;;,,.::: 

EXO2B184 20 20 3.5 52 IRO2B184 Arsenic 99.48 1.75 Tier 2 Location 
Lead 1,336 1.75 Tier 2 Location 

EXO2B493 20 20 5 74 IRO2B493 Aroclor-126O 5.6 3 Tier 2 Location 
EXO2B5O6 20 20 3 44 IRO2B5O6 Benzo( a )pyrene 3.1 2 Tier 2 Location 
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• 
Table 4-3. Proposed Excavation.Areas at Parcel E (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Proposed 
Excavation Name Length Width 

REDEVELOPMENT BLOC if EOS-4' ( continued) :;r: 
EX02G105 20 . 20 . 

EX02GR93SW 20 20 
EX11B024 20 20 

EX11SS022 20 
EX148026 20 

:REDEVELOPMENT BLOCK MU-1 

EX13B021 40 20 

EX368056 20 20 

Depth of Proposed 
Excavation 
(feet bgs) 

3.5 

REDEVELOPMENT_BlC>Gl(MU'1 (continued) ... '"3• 

Excavation 
Volume 

(cy) 

74 

119 

52 

IR118024 

IR11SS22 

IR13B021 
IR39B056 

IR36B056 

coc 

Arsenic 

Benzo(b )fluoranthene 
Benzo( b )fluoranthene 

Lead 

Detected 
Concentration 

(mg/kg) 
Sample Depth 

(feet bgs) 

0.5 
0.5 
0.5 
2 

0 

0 

2 

2 

1.25 

• 
Sample Classification 

Tier 2 Location 
Tier 2 Location 
Tier 2 Location 

Tier 2 Location ----
Tier 2 Location 

Tier 2 Location 
Tier 2 Location 

.- ·.~ ,·.: ' - ~==ec:::-~.,.:•·;..:,.-::.:~~~;.,_;..-_ 
, .. ··----· ·--•~~~~ 

EX36B078 20 20 3.5 52 IR36B078 Copper 1,332 1.25 Tier 2 Location 

EX36B105 I 20 20 3 44 IR368105 Aroclor-1260 1.1 0.75 Tier 2 Location 
___ E_X36B136 ! 20 20 3 ·44 ! IR36B136 Aroclor-1254 0.53 1 Tier 2 Location 

EX368208 i 20 20 4 59 I IR36B208 Benzo(a)pyrene 2.4 2 Tier 2 Location 

~~•v~~~~iBCQcr:-eare,,:~'''j""'':-:~~l·'~~r~•C~~~~,,~•-1-:-:::·_·;;··_:;-:._.·c_\_'r_:;-/•"c, .. . jf, . i=f ·· -,i£S ~~±1fr_;_~_,,_ .. _ .. _i. 

REPEVELOPMENT B).,OCK.lv1U~3•'c' .· .,~."•:,, .. _ -~. . .. ,;;i~~~C:i";'-:~;s ~:; · •· i.,';' ,2;. :; ..• e;;;" <.. ,·•· 'E;''-'.'./.:::.;y··,,~~,;;;i,~.;,,i;,H{,°':;:c ' .--~~-:.;:::;·:: 
EX04B034 20 20 4 59 IR04B034 Aroclor-1260 1.1 I 1.75 Tier2Locat_io_n __ _ 

EX01SS350 20 20 2.5 37 IR01SS350 Aroclor-1260 1.4 0.5 Tier 2 Location 
EX12SS02 I 20 20 2 30 IR12SS02 Lead 1,080 0 Tier 2 Location 
EX56B021··--- -1-l---:-2-.:-0--+-----.2:-:0--+------,4----+------.5:-:9--+------,IR=-5=-6:-:B-0_2_1----,r----,-M..,e·-rc_u_ry ___ __,r---1-=7-.4"'5---t----c1.-c.7::-:5:----t----=T..-ie-r 72-.-L-oc-a..,.ti.-o_n __ _ 

Total Tier 2 Excavations= 1,837 

Total Excavation Vol~~e for Alternative 5-4 <2l = 33,992 

Notes: 

(1) Alternative S-3 includes excavation of Tier 1 locations (with COCs at cqncentrations greater than 10 times the remedial goals) and TPH locations (exceeding the TPH 5:ource criterion) 

(2) Alternative S-4 includes excavation of Tier 1 and Tier 2 locations (with COCs at concentrations greater than 5 times the remedial goals) and TPH locations (exceeding the TPH source criterion) 

bgs = below ground surface mg/kg = milligrams per kilogram 

COC = chemical of concern 

cy = cubic yard 

N :\Projecls\2005 Projects\25-049 _Navy _HPS _E-2_ RI-FSIB _ Originals\Parcel-E_FS\05Final\T ables\ Table 4-3 _ _rev1 .xis 
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Table 4-4. Remedial Alternatives for Groundwater at Parcel E 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

GW-3B: 
GW-2: ICs and GW-3A: Containment, GW-4: 

General Long-Term Containment, ZVI Reduction, Containment, 
Response Remedial GW-1: Groundwater ISB, MNA, ISB, MNA, and AS, ISB, 

Action Technology Process Options No Action Monitoring andlCs ICs MNA, and ICs 

No Action None None ✓ 
······································ ..................... f·········· . ......... 

Institutional Legal Covenants to Restrict Use of 
Controls Mechanisms Property and Deed ✓ ✓ ✓ ✓ 

Restrictions 
----··-

Engineering Physical Security Features and Signs 
✓ ✓ ✓ ✓ 

Controls 1 Barriers 

Monitoring Groundwater Periodic Groundwater 
✓ ✓ ✓ ✓ 

Monitoring Monitoring 

Containment Groundwater Slurry Wall or Sheet-Pile Wall 
✓ ✓ ✓ 

Physical Barrier2 

-~-· 
In-Situ Passive Monitored Natural Attenuation4 ✓ ✓ ✓ 

Treatment3 ~ . -~-- - .. 

Biological Enhanced Anaerobic and 
✓ ✓ ✓ 

Treatment Aerobic Bioremediation5 

-·--·· - -· ·----· . -··· 

Physical- Air Sparging (with Soil Vapor ✓ 
Chemical Extraction, Alternative S-4) 

i Treatment 
~-•.~ •A-ll<--AA •-~ 

I 

Chemical Reduction by ZVI 
✓ ' Injection 

f 
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Table 4-4. Remedial Alternatives for Groundwater at Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Notes: 

1. Engineerin·g controls would be used during remedy implementation and in conjunction with ICs. 

2. Physical barrier type (for groundwater containment) will be identified in the Draft Feasibility Study Report for Parcel E. 

3. In-situ treatmentwould·addressNOC,plumes at Parcel E, 0 excepHor the benzene,plume 0 associated with former underground storage tank,at-Building 0 709 (to be addressed 
under petroleum program). In-situ treatment options may vary based on the site conditions at individual plumes. 

4. Bioremediation would be achieved by sparging and injection of substrate to enhance biodegradation. 

5. MNA would be used as a polishing step following bioremediation, chemical oxidation, or air sparging. 

AS = air sparging 

ICs = institutional controls 

MNA = monitored natural attenuation 

VOC = volatile organic compound 

ZVI = zero-valent iron 

N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Fina~Tableslsource\Tab4-4.doc 
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Table 4-5. Potential Applicability of Alternatives to Groundwater Plumes 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

GW-1 

No 
RB Plume Action 

MU-1 and MU-2 Building 406 TCE Plume 

···-··· 

MU-1 IR-12 Benzene Plume 

MU-1 and MU-3 IR-12 PCE Plume 

MU-3 IR-04 TCE Plume 
t,--,m-~ ·~·· 

IR-56 TCE Plume 

EOS-1 and IR-02 Central Nickel 
EOS-2 Plume 

EOS-1 IR-02 Northwest PCB 
Plume 

EOS-1 IR02 Northwest Metals 
Plume 

-
EOS-3 IR03 TPH Plume 

Notes: ZVI and air sparging for use at Building 406 only. 

Gro~ndwater containmer:it at IR-02 Metals Plume area only. 

GW = groundwater 

ICs = institutional control 

ISB = in-situ bioremediation 

MNA = monitored natural attenuation 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

GW-2 I 
I 

ICs, 
LTM 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

Alternative 

GW-3A GW-3B 

Containment, 
Containment, ISB,ZVI, 
ISB, MNA, ICs ivlNA, ICs 

✓ ✓ 

(ZVI, no ISB) 

✓ ✓ 

✓ ✓ 

✓ ✓ 
·-·~ 
✓ ✓ 

✓ ✓ 

(Containment) (Containment) 

✓ ✓ 

(Containment) (Containment) 

✓ ✓ 

(Containment) (Containment) 

PCE = tetrachloroethene 

RB = Redevelopment Block 

TCE = trichloroethene 

ZVI = zero-valent iron 
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GW-4 

Containment, Air 
Sparging, ISB, MNA, 

ICs 

✓ 

(Air Sparging, no ISB) 

✓ 

✓ 

✓ 

✓ 

✓ 

(Containment) 

✓ 

(Containment) 

✓ 

(Containment) 

••,'":/:} 

<:}/~/ 
...... ,-·: 

,•. 

,. 

Notes .·:,.-:· 

.. , .. 

' 

.. 

Addressed in IR~03 
NAPL evaluation 
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. Table 4-6. Remedial Alternatives for IR-03 (NAPL with associated soil and groundwater contamination) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

i 
f 

N-2: Source 
N-1: Containment, N-3: Source Removal or 
No Monitoring, and Treatment, Containment 

General Response Action Process Options Action ICs MNA, and ICs 

No Action None ✓ I 
Institutional Controls Covenants to Restrict Use of i Property and Deed ✓ ✓ 

Restrictions I 
Engineering Controls 1 Security Features _and Signs ✓ i 

i 
✓ 

Monitoring Periodic Groundwater 
✓ ✓ 

Monitoring 

Containment . Slurry Wall or Sheet-Pile Wall ✓ ✓ 

Engineered Cover ✓ ✓ 

Treatment (NAPL Source) In-Situ Mixing to Solidify/ 
✓ 

Stabilize NAPL 

In-Situ Treatment Monitored Natural Attenuation ✓ 

(Groundwater)-
Bioremediation 

.Removal. Dual~Phase Extraction . ! ✓ .. l 

ERH to Mobilize NAPL2 1 .. 
✓ : 

i 

~ ERH with Steaming to Strip 
Chemicals From 
Groundwater 

Excavation and Off-Site 
✓ 

Disposal 

Notes: 

1. Engineering controls would be used during remedy implementation and in conjunction with ICs. 

N~S: Source Removal by 
· N-4A: Source Removal or Excavation and NAPL 

Treatment, Groundwater N-4B: Source Removal or Extractiori/T reatment, N~G: Source Removal 
-

Treatment by In-Situ Treatment, Groundwater Groundwater Treatment by Excavation, 
Bioremediation, Treatment by Steaming, by In-Situ Monitored Natural 

Containment, MNA, and Containment, MNA, and Bioremediation, MNA, Attenuation, and 
Institutional Controls Institutional Controls and Institutional Controls Institutional Controls 

.. 

✓ ✓ ✓ ✓ 

.. 

✓ ✓ ✓ ✓ 

, 
✓ ✓ ✓ ✓ 

.. 
✓ ✓ '✓ 

✓ ✓ ✓ 

✓ ✓ ✓ 

l 
✓ ✓ ✓ ✓ 

✓ ✓ 

✓ ✓ ✓ 

✓ ✓ ✓ 

✓ 

' 
✓ ✓ ✓ ✓ 

2. Based on past investigations, the viscosity of the NAPL.at IR-03 precludes extraction without some form of thermal enhancement. ERH is ·identified as a representative thermal technology; however, site-specific studies would be required to determine the viability of this, or any other thermal 
technology, to cost-effectively remove NAPL from the subsurface. Because of the uncertainty related to thermal technologies, other source removal or in-situ treatment options may be used to address the NAPL source. 

ERH = electrical resistive heating 

ICs = institutional controls 

LLRW = low-level radioactive waste 

MNA = monitored natural attenuation 

NAPL = non-aqueous phase liquid 
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Table 4-7. 

General 
Respons_e 

Action 

Projected Performance of NAPL Source Removal orTreatment Options- -
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Remedial 
Technology Process Option Description Potential Advantages 

Removal Physical 
Extraction 

Dual-Phase Use vacuum pumps to remove various • Moderate capital and O&M costs 
Extraction combinations of contaminated groundwater, Readily available equipment • ., separate phase petroleum product, and 

Can stimulate biodegradation of hydrocarbon vapor from the subsurface. • 
Extracted liquids and vapor are collected and petroleum constituents in the unsaturated 

treated. zone by increasing the supply of oxygen 

Thermally Enhanced 
.. 

Use hot water injection, electrical resistive • Proven technology used in the treatment 
1 Extraction · heating, thermal conductive heating, or of NAPL (particularly in high permeability 

steam injection to decrease viscosity of soils) 
NAPL, potentially increasing its mobility for 

Would remove primary source of soil and • ' removal (via extraction). 
groundwater contamination 

' Treatment and Treat extracted NAPL, groundwater, and • Common technologies that would be 
Off-Site Disposal of vapor prior to disposal. Depending on the readily implementable 

Extracted NAPU POTW facility pretreatment requirements and 
Moderate capital costs Groundwater other potential regulatory issues, extracted • 

' groundwater can be conveyed and 
' discharged to a POTW facility . 

Excavation · Remove contaminated material with heavy • Common technology that would be readily 
J equipment Excavated soil could be implementable (for small to medium 

stockpiled on site for treatment, or volumes) , 

transported to a permitted off-site treatment • Would remove primary source of soil and 
and disposal facility. 

groundwater contamination (but would 
need to be performed in conjunction with 
either off-site disposal or ex-situ treatment 
to prevent exposure to humans and 
wildlife) 

-~···"· ·•······ 

Off-Site Disposal of Collect and transport soil to an appropriate • Common technology that would be readily 
Excavated NAPU' treatment, storage, or disposal facility. implementable (for small to medium 

Soil Disposal of soil would involve constructing volumes) 
on-site staging area from which soil would be • Would remove primary source of soil and 

transferred to trucks and transported to an 
groundwater contaminatiqn 

off-site facility. 
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Potential Disadvantages• 

• Ineffective without thermal treatment, which 
would significantly increase the cost 

• Need to treat excessive amounts of 
groundwater could result in high O&M costs 

• Site-specific conditions at IR-03 (most notably 
the thick viscous product) may lirrit the 
effectiveness of this technology : 

• Implementation would be moderately difficult 
and costly because of specialized equipment 
and significant power demand 

• Relatively high annual O&M costs (which 
could be controlled if discharge to POTW is 
viable) 

• Discharge to POTW could require 
construction of conveyance structure to 
nearest publically-owned sewer line 

• Implementation may be difficult to implement 
below the water table (and associated 
dewatering and treatment would increase 
costs) 

• Would generate fugitive emissions requiring 
control 

• High capital costs (particularly for large 
excavation volumes) 

• Soil saturated with either water \)r NAPL 
would require processing (phase separation or 
stabilization) prior to off-site disposal; limited 
on-site area available for material processing 

• High capital costs (particularly for large 
excavation volumes) 

Potential Applications During 
Remediation 

Potential use in conjunction with 
thermally enhanced extraction 

(see below) 

Potential use in nigh-permeability 
soils with extensive NAPL. Bench-
scale or pilot-scale studies would 

be needed to better understand its 
effectiveness and implement 

ability. 

Potential use in conjunction with 
thermally enhanced extraction 

(see above) 

Potential use in shallow soil and 
deeper zones where other 

technologies may not be cost-
effective (see discussion of 

thermally enhanced extraction and 
in-situ mixing) 

Potential use in conjunction with 
excavation (see above) 



Table 4-7~ --~Projected Performance of NA"PL Sourc·e-Removalcor-"FreatmentQptions (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

General 
Response Remedial 

Action Technology 

Treatment Solidification 
/Stabilization 

Notes: 

IR= Installation Restoration 

NAPL = nonaqueous-phase liquid 

O&M = operation and maintenance 

P0TW = publicly owned treatment works 

RAOs ;. remedial action objectives 

Process Option 

In-Situ Mixing 

Ex-Situ Mixing 

Description 

Mix one or more reagents directly into the 
contaminated soil/NAPL with mechanical 
equipment. Reagents include stabilizing 

agents (such as cement or bentonite), and 
reactive agents (such as chemical oxidants). 

Excavate contaminated soil and NAPL, 
.. transport to on-site location, and spread in 

layers. Mix a binding reagent into the 
soil/NAPL with mechanical equipment and 

. transport/place stabilized material in . 
excavation. 
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Potential Advantages 

• If designed and implemented 
appropriately, technology would be 
capable of preventing migration of NAPL 
to San Francisco Bay (in accordance with 
the RAOs). 

• Mechanical equipment for in-situ mixing is 
readily available 

• Low O&M costs because minimal long-
term management of groundwater would 
be needed for the stabilized waste (which 
would have a low hydraulic conductivity) 

····~----·--------·• .... 

• Same advanta~es as in-situ mixing 

• Also, technology could be implemented in 
areas shorelin~ areas containing large 
debris (where in-situ mixing may be 
difficult) 

Page 2 of 2 

• 
Potential Applications During 

Potential Disadvantages Remediation 

• Homogeneous mixing may be difficult to Potential use in shallow and deep 
achieve in shoreline areas containing large soil where other technologies may 
debris not be cost-effective (see 

• Moderate to high capital costs discussion of thermally enhanced 

Mixing process would require controls for air extraction and excavation). • Bench-scale or pilot-scale studies and liquid residuals, which could be 
would be required to identify the 

moderately difficult to implement given the 
appropriate reagent(s) to solidify range of contaminants at the site 

and stabilize the contaminated soil 
• Administrative implementability may be and NAPL. 

challenging if technology is not implemented 
in combination with other technologies that 
seek to remove the NAPL source to the extent 
practicable 

. ..... __ 

• High capital costs because of the labor Potential use in limited areas 
intensive process of excavation, where in-situ mixing may not be 
transportation, mixing, and backfilling cost-effective (see above). 

• Mixing process would require controls for air 
and liquid residuals (see discussion above for 
in-situ mixing) 

• Administrative implementability may be • challenging (see discussion above for in-situ 
mixing) 

• 



• • • 
Table 4-8. Actions to be Addressed in Remedial Design for Parcel E 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Alternatives 

S-2, S-3, and S-4 

S-2, S-3, and S-4 

S-2, S-3, and S-4 

S-2, S-3, and S-4 

Action 

Evaluate the extent of maintenance, upgrades, or repairs to the existing covers. 

Develop cover performance standards and finalize cover design to address potential exposure to radionuclides and 
COCs in soil. Specifically, include plans for a performance standard for completion near the seawalls, 'as well as 
inspection, maintenance, and identification of problems. The RD would address (1) drainage to prevent erosion and 
standing water, (2) maintenance, and (3) methods for completion of the cover near the shoreline protection features. 

Present engineering design details for geotechnical stabilization measures (such as a geosynthetic reinforcement 
material) to ensure stability of the shoreline protection and refine conceptual design as necessary. 

Evaluate if additional characterization of potential.subsurface methane at oil reclamation ponds (IR-03) and disposal 
trenches (IR-12) is warranted. " 

S-2, S-3, and S-4 Prepare detailed excavation and sampling plans for removal of buried fuel lines (IR-47) and steam lines (IR-45); · 
----------1--

S -3 and S-4 Perform pre-excavation characterization of hot spots and exceedances and further refine preliminary excavation details 
for soil excavation. 

..-··-·····-·-······--·······--·-·····-·-

S-3 and S-4 Develop post-excavation confirmation sampling procedures, including specific DQOs to facilitate proper implementation. · 

S-4 Prepare specific DQOs and perform additional investigations to further define the areas requiring removal by SVE. 
--------1-----

S-4 Refine the spacing of the SVE wells and the operational characteristics of SVE system through field testing and an SVE 

GW-2, GW-3A, 
GW-3B, and 

GW-4 

GW-2, GW-3A, 
GW-3B, and 

GW-4 · 

GW-3A, GW-3B 
and GW-4 

GW-3A, GW-3B 
and GW-4 

pilot-scale study. 

Develop groundwater monitoring parameters to evaluate effectiveness of the remedial alternative. 

Further refine the approach for long-term groundwater monitoring, including wells to be monitored, chemicals to be 
analyzed for, laboratory analytical methods, sample collection procedures, and quality control requirements. The 

· analysis in the RD would include data evaluated for this FS Report and newer data .(including data from newly installed 
wells). 

Refine the implementation approaches, develop optimization strategies, and develop remediation endpoints for ISB. 

Conduct source zone characterization to refine the extent of the contaminated areas requiring remediation uhder the ISB 
alternatives. 
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Table 4-8. Actions to be Addressed in Remedial Design for Parcel E (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Alternatives Action 

GW-3A, GW-38, Develop contingency plan for issues encountered during installation of the slurry wall, such as performing pre-design 
GW-4, and N-2 studies to identify subsurface obstacles and planning for potential realignment of the wall if large obstacles are 

------ encountered. - =-~~~- ---------- - -=~-~--=~--- -==cC-'C-- - -------- ---- - - _-_·c=~= - c.·=e'- ·- -- ---- -- - - --· - --- - - - ----· 

GW-3A, GW-38 Evaluate alternatives for oxygen delivery under ISB alternatives to maximize the efficiency of aerobic bioremediation. 
and GW-4 

GW-3A, GW-38 Evaluate the benefit of a dedicated permeability enhancement event (injection of a substrate under pressure to fracture 
and GW-4 the formation and enhance permeability) under the ISB alternatives. 

-··-···-·-··---·····- . ····-···--······-·-- ------ ···-·····-····-····-·----......... _, ______ ---- ···- -- ------ ---------

GW-3A, GW-38 Evaluate the need for special substrates, such as substrates with sulfur-containing compounds, to immobilize metals 
and GW-4 under the ISB alternatives: 

GW-38 Define the parameters for final planning and costing of ZVI. 

GW-4 Refine the spacing of the AS wells and the operational characteristics of SVE/AS system through field testing and an 
SVE/AS pilot-scale study. 

N-2, N-3, N-4A, Perform additional characterization of NAPL at IR-03 and refine the area targeted by the NAPL alternatives. 
N-48, N-5, Characterization is needed to refine the nature and extent of NAPL at IR-03 and to better understand the site conditions 

and N-6 (such as the presence of large subsurface debris) to properly implement each alternative. 
--

N-3, N-4A, N-48, Adjust the source removal approaches within and beyond IR-03 and develop optimization strategies to allow for 
and N-5 appropriate adjustments based on site conditions. 

·-···-··-----··---·- .. 

N-3, N-4A, N-48, Conduct bench-scale and field-scale testing to select specific thermal enhancement technology. 
and N-5 

N-6 Prepare detailed excavation plans for removal of NAPL and associated soil. 

Notes: 

AS air sparging 

coc chemical of concern 

DQO data quality objective 

IR Installation Restoration 

ISB in-situ bioremediation 

NAPL nonaqueous-phase liquids 

RD remedial design 

SVE soil vapor extraction 

ZVI zero-valent iron reduction 

N:\Projects\2005 Projects\25--049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05FinaHables\source\Table 4-S Items for RD.doc . 

ERRG-6011-0000-0006 Page 2 of 2 

• • 



• 

• 

• 

Section 5. Detailed and Comparative Analysis of 
Remedial Alternatives 

This section provides a detailed analysis of each remedial alternative developed in Section 4, followed by 

comparative analysis. This information will be used to help select a final remedy for Parcel E. The 

alternatives. developed in Section 4 are evaluated using criteria based on statutory requirements of 

CERCLA as amended by the Superfund Amendments and Reauthorization Act, Section 121; the NCP; 

and "Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA" 

(EPA, 1988). 

The NCP specifies nine criteria to be used in the detailed analysis. The first two criteria are threshold 

criteria that must be satisfied in order for a remedy to be eligible for selection; the next five criteria are 

balancing criteria used to evaluate the comparative advantages and disadvantages of the remedial 

alternatives; and the final two criteria are modifying criteria generally considered after regulatory agency 

and public comments are received on the Proposed Plan. The nine criteria are listed below . 

1. Overall Protection of Human Health and the Environment: This criterion describes how each 
alternative, as a whole, protects human health and the environment and indicates how each 
hazardous substance source is to be eliminated, reduced, or controlled. 

2. Compliance with ARARs: This criterion evaluates each alternative's compliance with ARARs, 
or, if an ARAR waiver is required, how the waiver is justified. ARARs consider location
specific, chemical-specific, and cleanup action-specific concerns. 

3. Long-Term Effectiveness and Permanence: This criterion evaluates the effectiveness of each 
alternative in protecting human health and the environment after the response action is complete. 
Factors considered include magnitude ofresidual risks and adequacy and reliability of release 
controls. 

4. Reduction of Toxicity, Mobility, or Volume through Treatment: This criterion evaluates the 
anticipated capability of each alternative's specific treatment technology to reduce the toxicity, 
mobility, or volume of hazardous substances. 

5. Short-Term Effectiveness: This criterion addresses the effectiveness of each alternative in 
protecting human health and the environment during the construction and implementation phase. 
Factors considered include: 

• 

• 
Exposure of the community during implementation 

Exposure of the workers during construction 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

• Effec;ts to the environment (as supported by the green and sustainable remediation [GSR] 
analysis in Appendix F) 

• Tim~ required to meet the RAOs 

6. ImplemJntability: This criterion addresses the technical and administrative feasibility of 
implemebting an alternative and the availability of the required services and materials during its 
implemebtation. Factors considered include: 

• 
• 

• 

• 

Ability to construct the technology 

Reliability of the technology 

Monitoring considerations 

A vaiJability of equipment and specialists 

7. Cost: 'This criterion evaluates the capital and O&M costs for each alternative. Capital and O&M 
cost estidiates are order-of-magnitude-level estimates and have an expected accuracy of minus 30 
to plus 5? percerit (EPA, 2000b ). Table 5-1 summarizes the capital cost for each alternative. 

8. Commu¥ity Acceptance: This criterion evaluates issues and concerns the public may have 
regarding each alternative. This criterion will be assessed following receipt of public comments 
on the FS Report and the Proposed Plan. 

9. · State Acceptance: This criterion evaluates technical and administrative issues and concerns the 
state regulatory agencies may have about each alternative. This criterion will be assessed 
following receipt of regulatory agency comments on the FS Report and the Proposed Plan. 

In the following sections, each remedial alternative is compared with the two threshold and five balancing 
I • 

NCP criteria, an4 subsequently compared with the other alternatives to assess their relative performance 

with· respect to t~e NCP criteria. Comparison with the two modifying criteria of community and state 

acceptance will ~e included in the Proposed Plan; further discussion of these criteria is not included in 

this FS Report. Section 5.1 provides a detailed analysis of each soil remedial alternative, and Section 5.2 

provides a comparative analysis of the soil remedial alternatives. Section 5.3 presents a detailed analysis 

of each groundwater remedial alternative, and Section 5.4 provides a comparative analysis of the 

groundwater remedial alternatives. Section 5.5 presents a detailed analysis of each NAPL remedial 

alternative, and Section 5.6 provides a comparative analysis of the NAPL remedial alternatives. 

:i 

5.1. DETAILED ANALYSIS OF SOIL ALTERNATIVES 
'I 

This section compares each soil alternative with the two threshold and five balancing NCP evaluation 
I . 

criteria. Table 5~1 summarizes the costs for each alternative, and Table 5-2 summarizes each alternative's 

rating under the seven NCP evaluation criteria. The ranking categories used in Table 5-2 and in the 

discussion of the alternatives are (1) protective or not protective, and meets ARARs or does not meet 

ARARs, for the two threshold criteria; and (2) excellent, very good, good, poor, and not acceptable for the 

five balancing criteria. 

-·-ERRG 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

5.1.1. Detailed Analysis of Alternative S-1: No Action 

Under Alternative S-1, no response action would be taken. Soil at Parcel E would be ,left in place as is, 

without implementing any institutional controls, containment, removal, treatment, or other response 

actions. Table 5-2 summarizes the analysis of Alternative S-1 relative to the NCP evaluation criteria. 

5.1.1.1. Overall Protection of Human Health and the Environment: Alternative S-1 

At Parcel E, COCs pose unacceptable risks to human health under the planned reuse for 

several redevelopment blocks. Alternative S-1 does not address these risks; therefore, the rating for 

Alternative S-1 for the overall protection of human health and the environment is not protective. 

5.1.1.2. Compliance with ARARs: Alternative S-1 

There is no need to identify ARARs for the no-action alternative because ARARs apply to "any removal 

or remedial action conducted entirely on site" and "no action" is not a removal or remedial action. 

CERCLA § 121 (42 U.S.C. § 9621) cleanup standards for selection of a Superfund remedy, including the 

requirement to meet ARARs, are not triggered by the no-action alternative (EPA, 1988). Therefore, a 

discussion of compliance with ARARs is not appropriate for this alternative. 

5.1.1.3. Long-Term Effectiveness and Permanence: Alternative S-1 

Under the no-action alternative, residual soils contamination above PRGs would not be addressed. No 

engineering controls to prevent exposure and no long-term management measures such as institutional 

controls would be implemented. Based on this evaluation, the overall rating for Alternative S-1 for the 

long-term effectiveness and permanence is not acceptable. 

5.1.1.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative S-1 

Alternative S-1 does not include treatment that would result in the destruction, transformation, or 

irreversible reduction in contaminant mobility, toxicity, or volume. Therefore, the overall rating for 

Alternative S-1 for the reduction of mobility, toxicity, and volume through treatment is poor. 

5.1.1.5. Short-Term Effectiveness: Alternative S-1 

Under Alternative S-1, no response actions would occur. As a result, the on-site community would not be 

exposed to additional risks from soil response actions; the risks would be · as presented in· the risk 

assessment. Additionally, the off-site community would be protected because soils presenting 

unacceptable risk would not be disturbed, no workers would be exposed to health risks, and no adverse 

environmental effects would result from construction and implementation of Alternative S-1. The site is 

currently fenced to prevent access. Because no response action would be taken, there would be no time 

required to complete Alternative S-1. The overall rating for Alternative S-1 for short-term effectiveness 

is excellent. 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

5.1.1.6. Implementability: Alternative S-1 

Implementability includes technical and administrative feasibility and availability of required resources. 

No action, including implementing institutional controls or constructing and operating a remedial system, 

would be requiied to implement this alternative; therefore, Alternative S-1 would be very easily 

implemented and the overall rating for Alternative S-1 for implementability is excellent. 

5.1.1.7. Cost: Alternative S-1 

No capital or O&M costs are associated with Alternative S-1; therefore, the overall rating for 

Alternative S-1 for cost is excellent. 

5.1.1.8. Overall Rating: Alternative S-1 

The overall rating for Alternative S-1 is not acceptable because it fails to meet the threshold criteria. 
,c 

5.1.2. Detailed Analysis of Alternative S-2: Covers, Institutional Controls, and Shoreline 
Protectjon 

Alternative S-2 includes (1) covers to prevent human exposure to ubiquitous metals and other COCs that 

may pose an unacceptable risk, (2) shoreline protection, and (3) institutional controls that would be 
,, 

implemented thr6ugh deed restrictions, including maintaining the covers and shoreline protection. 

5.1.2.1. Overall Protection of Human Health and the Environment: Alternative S-2 

Alternative S-2 protects human health and the environment because soil that causes unacceptable risk 

based on planned future land use would be covered. These covers would be implemented over the entire 

redevelopment Block where needed to prevent unacceptable exposure to COCs in soil and shoreline 

sediment. Covers would be maintained in accordance with pertinent ARARs, and institutional controls 

would be implemented parcel-wide to prevent potential expos~re to unacceptable risks posed by COCs in 

soil and shoreline sediment. The rating for Alternative S-2 for the overall protection of human health and 

the environment is protective. 

5.1.2.2. Conipliance with ARARs: Alternative S-2 

Alternative S-2 sonsists of covers and institutional controls to limit exposure to chemicals in soil. Action

specific and cherpical-specific ARARs associated with this alternative would be met. The location-specific 

ARARs identified for protection of cultural, coastal, wetland, and biological resources at Parcel E would 

also be met. Th~ overall rating for Alternative S-2 for compliance with ARARs is meets ARARs. 

5.1.2.3. Long-Term Effectiveness and Permanence: Alternative S-2 

The factors evaluated under long-term effectiveness and permanence are the magnitude of residual risks 
11 

and adequacy and reliability of controls. Under Alternative S-2, risks associated with exposure to COCs 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

in soil would be reduced by covering the soils. As a result, the exposure pathways would be eliminated. 

However, if intrusive activities (such as excavation or subsurface utility excavation) are performed, site 

workers would be exposed to unacceptable risk. The adequacy and reliability of the institutional controls 

depend on monitoring and maintenance of the covers and other land use and deed restrictions to continue 

their effectiveness. The overall rating for Alternative S-2 for long-term effectiveness and permanence is 

good. 

5.1.2.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative S-2 

Alternative S-2 includes covers over conta~inated soil and institutional controls. This alternativ~ does 

not include treatment that would result in the destruction, transformation, or irreversible reduction in 

contaminant mobility. Therefore, the overall rating for Alternative S-2 for the reduction of mobility, 

toxicity, and volume through treatment is poor. 

5.1.2.5. Short-Term Effectiveness: Alternative S-2 

Risks to the community and current occupants may occur due to increased construction traffic. Only 

clean, approved soil or asphalt would be imported to construct the covers, and trucks would cover their 

loads and adhere to a traffic plan to reduce noise and traffic concerns of the community. A portion of 

Parcel E is already covered with building foundations, asphalt, or concrete, and repairs to these covers 

would cause minimal disturbance and impact to the community. Risk to workers that are constructing 

covers over known contaminated soil may occur. However, workers would adhere to chemical- and 

activity-specific accident prevention and safety and health plans, which would include the assignment of 

appropriate personal protective equipment (PPE) and protective exposure measures. The GSR evaluation 

revealed that the environmental footprint related to installation and maintenance of durable covers would 

be associated primarily with greenhouse gas emissions and energy use attributable to material 

consumption and equipment use during construction. Some environmental effects would be reduced 

through implementation of best management practices (BMPs). BMPs for construction would prevent 

soil from reaching the bay during implementation of the response action. A portion of Parcel E is 

industrial and contains existing covers and ruderal habitat, resulting in low-quality terrestrial habitat; 

therefore, the adverse environmental impact of impl<':menting this alternative would be. low. This 

alternative could be implemented in a very short period of time (2 years), so the period during which 

workers and the environment would be exposed to short-term risks would be minimal. 

The overall rating for Alternative S-2 for short-term effectiveness, including implementing the 

instfrutional controls, is very good. 

5.1.2.6. Implementability: Alternative S-2 

Implementability includes technical and administrative feasibility and availability of required resources. 

The alternative is technically feasible and easily implemented because grading and installing covers and 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

repamng and m~nitoring existing concrete and asphalt covers are conventional and commonplace 

technologies. Fertces and signs are not required for Alternative S-2, allowing ease of movement and use of 

Parcel E prior to d,evelopment. In addition, the institutional controls are administratively easy to implement. 

The only signific~nt challenge to implementing this alternative is associated with the coordination required 

. to resurface the ebtire parcel on a periodic basis ( assumed to occur every 10 years in the cost estimate) to 

maintain the cov~~s. The overall rating,for Alternative S-2 for implementability is very good. 

5.1.2.7. Cost: Alternative S-2 

The total capital and O&M costs for Alternative S-2 are presented in Table 5-1 and detailed in 

Appendix E. ToJ overall rating for Alternative S-2 for cost is very good. 

5.1.2.8. 

I 

Oveiall Rating: Alternative S-2 
:I 

The overall rating for Alternative S-2 is very good. Institutional controls would prevent exposure to all 
'I 

COCs and short-term exposure would be reduced through soil covers. 
I 
I 
1 . 

5.1.3. Detaile~ Analysis of Alternative S-3: Excavation and Off-Site Disposal of Tier 1 
Locatio1hs, Followed by Covers, Institutional Controls, and Shoreline Protection 

' 
I 

Alternative S-3 c:onsists of (1) excavation and off-site disposal of Tier 1 locations at an off-site permitted 

• 

facility, and (2) 6overs, institutional controls, and shoreline protection to limit exposure to COCs in soil 

and. shoreline se? iments that are left in place. Excavation of Tier 1 locations removes soil with COC • 

concentrations etjual to or exceeding 10 times the PR Gs. 
,I 
,, 
,1 

5.1.3.1. Ovetall Protection of Human Health and the Environment: Alternative S-3 
·1 

Alternative S-3 protects human health and the environment because it would remove s~il contaminated 
!I 

with metals and prganic chemicals that present unacceptable risk for the planned reuse. Soil containing 

COCs at conceJtrations equal to or greater than 10 times the PRGs would be removed under this 
" 'I 

alternative and disposed of off site at an appropriately permitted off-site disposal facility. After receipt of 

acceptable post-d,xcavation confirmation sampling results, excavations would be backfilled with clean soil 

meeting stringent chemical and radiological acceptance criteria. The entire redevelopment block would 

then be covered i~ith soil, HDPE geomembrane, or asphalt to eliminate the direct exposure pathway to 

remaining soil cdntamination that poses an unacceptable risk. Covers would be maintained in accordance 
ll 

with pertinent ARA.Rs, and institutional controls would be implemented parcel-wide to prevent potential 

exposure to una9peptable risks posed by COCs in soil and shoreline sediment. The rating for Alternative 

S-3 for overall pJotection of human health and the environment is protective. 
I 

coJpliance with ARARs: Alternative S-3 
ii 

5.1.3.2. 

Alternative S-3 includes both institutional controls and response actions. Both action- and chemical-
11 

· specific ARARs !!associated with this alternative would be met. The location-specific ARARs identified 
:~ 
:I 
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Section 5 Detailed and Comparative Analysis of. Remedial Alternatives 

for protection of cultural, coastal, wetland, and biological resources at Parcel E would also be met. As a 

result, Alternative S-3 would meet ARARs .. The overall rating for Alternative S-3 for compliance with· 

ARARs is meets ARARs. 

5.1.3.3. Long.:. Term Effectiveness and PermaQence: Alternative S-3 

The factors evaluated under long-term effectiveness and permanence include the magnitude of residual 

risks and adequacy and reliability of controls. Under Alternative S-3, contaminated soil in excavated 

a;eas would be removed and disposed of off site. Excavation would continue until results of confirmation 

samples indicate remediation goals for COCs are met.or until excavations reach a depth of 10 feet bgs in 

mixed-use areas and 2 feet bgs in recreational areas. Areas with chemical concentrations remaining 

above remediation goals would be addressed by implementing covers and institutional controls. As a 

result, the exposure pathways would be eliminated. If intrusive activities (such as excavation or 

subsurface utility excavation) are performed, risk to site workers would be moderately controlled because 

soil from Tier 1 locations would be removed from the site. The adequacy and reliability of the 

institutional controls depend on monitoring and maintenance of the covers and other land use and deed 

restrictions to continue their effectiveness. Long-term effectiveness and permanence in areas where these 

C.OCs would be excavated is rated as excellent. In areas where o~ly covers and institutional controls are 

used, the adequacy and re_liability of this alternative are very good. 

The overall rating for Alternative S-3 for long-term effectiveness and permanence is very good. 

5.1.3.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative S-3. 
. . . ! 

Alternative S-3 includes excavation and off-site disposal of soil from Tier 1 locations, covers, institutional 

controls, and shoreline protection. This alternative does not include treatment that would result in the 

destruction, transformation, or irreversible reduction in contaminant mobility. Therefore, the overall 

· rating for Alternative S-3 for the reduction of mobility, toxicity, and volume through treatment is poor . 

. 5.1.3.5. Short-Term Effectiveness: Alternative S-3 

Under Alternative S-3, the community would be protected during implementatfon by containment 

controls such as dust suppression during excavation and cover installation, and use of covers over the 

hauling trucks during off-site transportation. The total volume of excavation is approximately 

43,700 cubic yards, or more than. 2,185 truckloads (20 cubic yards per truck). Risks to the community 

and current· occupants may occur during excavation and transportation of contam~nated soil; however, 

these risks would be minimized by implementing containment controls, such as monitoring for and 

suppression of dust during excavation, limited hours of operation, rules minimizing truck idling, and 

covers over the haul trucks during off-site transportation. Alternative S-3 would pose added risks to the 

community and current occupants by increased construction traffic. Clean, approved soil or asphalt 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

would be imported to backfill the excavations, and haul trucks would cover their loads and adhere to a 

traffic plan to reduce noise and traffic concerns of the community. 

Workers would be protected during soil excavation by implementing containment controls. Containment 

controls would include monitoring for and suppression of dust during excavation, stockpiling, and loading 
. I 

trucks and follo"7ing health and safety protocols, including PPE and decontamination. procedures. The 

institutional controls would require installing and maintaining barriers, fences, and signs throughout the 
' . 

construction period. Health and safety requirements and PPE protocols would be enforced to minimize 
I 

worker exposurei duri~g these activities. BMPs for construction would ensure that effects would be 

limited. The estimated time required to implement Alternative S-3 is approximately 2 years. 

Similar to Alte~ative S-2, the GSR evaluation revealed that the environmental footprint related to 

implementation ~f this alternative would primarily be associated with greenhouse gas emissions and 

energy use attributable to material consumption and equipment use during construction. The inclusion of 
I . 

excavation and off-site disposal of Tier 1 locations does not contribute significantly to the environmental 

footprint associated with installation of durable covers. A portion of Parcel E is industrial and contains 

existing covers and ruderal habitat, resulting in low-quality terrestrial habitat; therefore, the adverse 

environmental ithpact of implementing this alternative would be low. This alternative could be 

implemented in a' short period of time (2 years), so the period during which workers and the environment 

would be exposed to short-term risks would be minimal. 
'I 

The overall rating for Alternative S-3 for the .. short-term effectiveness is good. 

5.1.3.6. Implementability: Alternative S-3 
11 

Implementability includes technical and administrative feasibility and availability of required resources. 

Alternative S-3 would be technically feasible, although there would be significant site activity during 

implementation. 
1
\This alternative is easily implemented because excavating, hauling, backfilling, grading, 

installing covers,, and repairing existing concrete and asphalt covers are conventional and commonplace 

technologies. In:,addition, the institutional controls are easy to administratively implement. The overall 

rating for AlternJtive s,.J for implementability is very good. 

5.1.3.7. Cost: Alternative S-3 

The total capital bd O&M costs and parameters used to derive present worth costs for Alternative S-3 are . 

presented in Table 5-1 and detailed in Appendix E. The overall rating for Alternative S-3 for cost is good. 

5.1.3.8. Ovet:all Rating: Alternative S-3 

The overall rating for Alternative S-3 is good. Long-term exposure to COCs would be reduced through 

excavation of soil from Tier 1 locations. Institutional controls would prevent exposure to all remaining 
,1 

COCs, and short~term exposure would be reduced through soil covers for all redevelopment blocks. 
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Section 5 . Detailed and Comparative Analysis of Remedial Alternatives 

5.1.4. Detailed Analysis of Alternative S-4: Excavation and Off-Site Disposal of Tier 1 
and Tier 2 Locations, Followed by Covers, Soil Vapor Extraction, Institutional 
Controls, and Shoreline Protection 

Alternative S-4 consists of (1) excavation and off-site disposal of soil from Tier 1 and Tier 2 locations, 

and (2) covers, institutional controls, and shoreline protection to limit exposure to COCs in soil and 

shoreline sediments that are left in place. Excavation of Tier 1 and Tier 2 locations would remove soils 

with COC concentrations equal to or exceeding 10 times and· 5 times the PRGs, respectively. 

Additionally, Alternative S-4 includes _SVE and treatment to remove and treat VOCs in vadose zone soil 

at Building 406. 

5.1.4.1. Overall Protection of Human Health and the Environment: Alternative S-4 

Alternative S-4 provides protection to human health and the environment because it would remove ( either 

through excavation or SVE) soil contaminated with COCs that present unacceptable risk for the planned reuse. 

Soil containing COCs at concentrations equal to or greater than 5 times the PRGs would be removed under this 

alternative and disposed of off site at an appropriately permitted off-site disposal facility. After receipt of 

acceptable post-excavation confirmation sampling results, excavations would be backfilled with clean soil 

meeting stringent chemical and radiological acceptance criteria. The entire redevelopment block would be 

covered with soil, HDPE geomembrane, or asphalt, thus eliminating the direct exposure pathway to remaining 

soil contamination that poses an unacceptable risk. Covers would be maintained in accordance with pertinent 

ARARs, and institutional controls would be implemented parcel-wide to pre~ent potential exposure to 

unacceptable risks posed by COCs in soil and shoreline sediment. The rating for Alternative S-4 for the 

overall protection of human health and the environment is protective. 

5.1.4.2. Compliance with ARARs: Alternative S-4 

Alternative S-4 includes both institutional controls and response actions. Both action- and chemical

specific ARARs associated with this alternative would be met. The location-specific ARARs identified 

for protection of cultural, coastal, wetland, and biological resources at Parcel E would also be met. As a 

result, Alternative S-4 would meet ARARs. The overall rating for Alternative S-4 for compliance with 

. ARARs is meets ARARs. 

5.1.4.3. Long-Term Effectiveness and Permanence: Alternative S-4 

The factors evaluated under long-term effectiveness and permanence include the magnitude of residual 

risks and adequacy and reliability of controls. Under Alternative S-4, contaminated soil in excavated 

areas would be removed and disposed of off site. Excavation would continue until results of confirmation 

samples indicated remediation goals for COCs are met or until excavations reach a depth of 10 feet bgs in 

residential areas and 2 feet bgs in recreational areas. Areas with che~ical concentrations remaining 

above remediation goals would be addressed by implementing covers and institutional controls. As a 

result, the exposure pathways would be eliminated. If intrusive, activities (such as excavation or 
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subsurface utility excavation) are· performed, risk to site workers would be minimized. because 
... ,I 

contaminated soil from Tier 1 arrd Tier 2 locations would be removed from the site. Long-term 

effectiveness and permanence in areas where the soil containing COCs would be excavated is rated as 
I 

excellent. VOCs' in soil at Building 406 would be removed by SVE and treated, enhancing the long-term 

effectiveness of .this alternative. In areas where only covers and institutional controls are used, the 

adequacy and reliability of this alternative are very good. The adequacy and reliability of the institutional 

controls depend on monitoring and maintenance of the· covers and other land use and deed restrictions to 

continue their effectiveness. 

The overall rating for Alternative S-4 for long-term effectiveness and permanence is excellent. 

· 5.1.4.4. Red*ction of Mobility, Toxicity, or Volume through Treatment: Alternative S-4 

Alternative S-4 includes excavation and off-site disposal of soil at Tier 1 and Tier 2 locations, placement 

of covers over contaminated soil, SVE, shoreline protection,. and implementation of institutional controls. 

This alternative includes an SVE system in one geographic area that would reduce the volume of VOCs in 

soil through treatment, but does not result in parcel-wide treatment that would result in the destruction, 

transformation, or irreversible reduction in contaminant mobility. The overall rating for Alternative S-4 
,· 

for the reductionl:of mobility, toxicity, and volume through treatment is good. 

5.1.4.5. 

,, 

Shoit-Term Effectiveness: Alternative S-4 
I 

Under Alternatiye S-4, the community would be protected during implementation by containment 

controls such as .. dust suppression during excavation and cover installation, and use of covers over the 

hauling trucks during off-site transportation. The total volume of excavation is approximately 

46,200 cubic ya~ds, or more than 2,310·truckloads (20 cubic yards per truck). Risks to the community 

and current occtipants may occur during excavation and transportation of contaminated soil; however, 

these risks would be minimized by implementing containment controls, such as monitoring for and 
,, 

. suppression of 4ust during excavation, limited hours of operation, rules minimizing truck idling, and 

covers over the haul trucks during off-site transportation. Alternative S-4 would pose added risks to the 

community and current occupants by increased construction traffic. Clean, approved soil or asphalt 

would be imported to backfill the excavations, and haul trucks would cover their loads and adhere to a 

traffic plan to reduce noise and traffic concerns of the community. 

Construction of ithe SVE system would be minimally intrusive, and its startup and operation could be 
11 . •· .. 

implemented in f short period of time. SVE would be effective in rapidly reducing VOC concentrations 

in soil at Building 406; more so if combined with air sparging (see Alternative GW-4; Section 5.3.5). 

Workers would be protected during soil excavation by implementing containment controls. Containment 

controls would include monitoring for and suppression of dust during excavation, stockpiling, and loading 

trucks and following health and safety protocols, including PPB and decontamination procedures. The 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

institutional controls would require installing and maintaining barriers, fences, and signs throughout the 

construction period. Health and safety requirements and PPE protocols would be enforced to minimize 

worker exposure during these activities. BMPs for construction would ensure that effects would be 

limited. The estimated time required to implement Alternative S-4 is approximately 2 years. 

Similar to Alternatives S-2 and S-3, the GSR evaluation revealed that the environmental footprint related 

to the implementation of this alternative would primarily be associated with· greenhouse gas emissions 

and energy use attributable to material consumption and equipment use during construction. The 

inclusion of excavation and off-site disposal of Tier 1 and Tier 2 locations does not contribute 

significantly to the environmental footprint associated with the installation of durable covers. A portion 

of Parcel E is industrial and contains existing covers and ruderal habitat, resulting in low-quality 

terrestrial habitat; therefore, the adverse environmental impact of implementing this alternative would be 

low. This alternative could be implemented in a short period of time (2 years), so the period during which 

workers and the environment would be exposed to short-term risks would be minimal. 

The overall rating for Alternative S-4 for the short-term effectiveness, including implementing the 

institutional controls, is good. 

5.1.4.6. Implementability: Alternative S-4 

Implementability includes technical and administrative feasibility and availability of required resources . 

Alternative S-4 would be technically feasible, although significant site activity would occur during 

implementation. This alternative is easily implemented because excavating, hauling, backfilling, grading, 

installing covers and SVE systems, and repairing existing concrete and asph~lt cove;rs are conventional 

and commonplace technologies. In addition, the institutional controls are easy to administratively 

implement. The overall rating for Alternative S-4 for implementability is very good: 

5.1.4.7. Cost: Alternative S-4 

The total capital and O&M costs and parameters used to derive present worth costs for Alternative S-4 are 

presented in Table 5-1 and detailed in Appendix E. The overall rating for Alternative S-4 for cost is 

good. 

5.1.4.8. Overall Rating: Alternative· S-4 

The overall rating for Alternative S-4 is very good. Under Alternative S-4, long-term exposure to COCs 

would be reduced through ex·cavation of soils at Tier 1 and Tier 2 locations. VOCs in soil at Building 406 

would be actively removed and treated using SVE and treatment technologies. Institutional controls 

would prevent exposure to all remaining COCs, and short-term exposure would be reduced through soil 

covers for all redevelopment blocks. · 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

5.2. COMPARISON OF S.OIL REMEDIAL ALTERNATIVES 
I 

This section com,pares the four soil alternatives. The discussion of each evaluation criterion generally 

proceeds from t~e alternative that best satisfies the criterion to the one that least satisfies the criterion. 
,, 

Table 5-2 summarizes the rating for each alternative and shows a comparison of each alternative's ratings 

for the two threshold and five balancing NCP evaluation criteria. Table 5-3 summarizes the evaluation of 

each alternative compared to the five balancing criteria. 

5.2.1. Overall Protection of Human Health and the Environment· 
I 

Overall protecti~n of human health and the en~ironment is a threshold criterion. Protection is not 

measured by degree; rather, each alternative is considered as either protective or not protective. 

Alternatives S-2, S-3, and S-4 are protective; Alternative S-1 is not protective. Alternatives s~2, S-3, and 

S-4 protect human health and the environment under the anticipated future land use of the parcel. 

Alternative S-1 does not address any risks at the site, thus it does not provide sufficient protection to 

human health or the environment. 

5.2.2. Compli~nce with Applicable or Relevant and Appropriate Requirements 

Compliance with ARARs is a threshold evaluation criterion. An alternative must either comply with 

ARARs or provide grounds for a waiver. Alternatives S-2, S-3, and SA comply with all of the pertinent 

ARARs. An evaluation of ARARs for Alternative S-1 is not applicable. 

5.2.3. Long-T~rm Effectiveness and Permanence 
'I ' 

Long term effecttveness and permanence of Alternative S-.4 is rated the highest because it would remove 

the most COC-contaminated soil. The magnitude of residual risks remaining after the response action 

would be highest for Alternative S-2, which relies on covers to meet the RAOs, and lower for 

Alternatives S-3 and S-4, which implement excavations. Alternatives S-2, S-3, and S-4 would provide 

long-term effectiveness in meeting the RAOs through reliance on continual enforcement of deed 

restrictions to maintain covers and access restrictions. Alternative S-3 provides long-term effectiveness 

and permanence for soil contaminated with metals and organic chemicals, but relies on access restrictions 

for other COCs tintil the institutional controls are implemented. Alternative S-2 provides comprehensive 

soil coverage prior to development, but does not permanently remove any· contamination; long-term 

effectiveness is good as long as the covers are maintained. Because no action would be taken under 

Alternative S-1, it does not provide any degree of long~term effectiveness. 

5.2.4. Reducti;;on of Mobility, Toxicity, or Volume through Treatment 
'I 

Alternative S-4 :would reduce both the mobility and volume of contaminated soil in a particular 

geographic area at the site, thus it is rated the highest (good). Alternatives S-1, S-2, and S-3 were all rated 
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as poor because they do · not include treatment that would result in the destruction, transformation, or 

irreversible reduction in contaminant mobility. 

( 

5.2.5. Short-Term Effectiveness 

Alternative S-1 has the least effect on the community, workers, or the environment during implementation 

because it includes no actions, so it was rated highest for short-term effectiveness. Alternative S-2 would 

similarly introduce minimal risk to the community, workers, or the environment because it does not 

include significant amounts of excavation, hauling, and disposal of contaminated soil. Alternatives S-3 

and S-4 include removing · and hauling large volumes of soil with contamination, which would pose 

potential risk to site workers, the community, and the environment. However, this risk is considered low 

since . mitigation measures would be implemented to protect human health and the environment. 

Alternatives S-2, S-3, and S-4 would generate similarly sized environmental footprints, primar,ly 

· associated with emiss1ons and energy use from construction of the durable covers; however, the periods 

of construction for all three are relatively short (2 years) arid would not significantly affect short-term 

effectiveness. Therefore, Alternatives S-3 and S-4 were rated equally as good with respect to short-term 

effectiveness. 

5.2.6. Implementability 

Alternatives S-2, S-3, and S-4 require implementation of institutional controls and active remediation . 

Installing covers and excavating soil (Alternatives S-3 and S-A) are standard technologies that are easy to 

implement and have been successfully implemented in the past at HPS. However, the large scale of the 

excavation operation decreases the implementability of Alternatives S-3 and S-4: Alternatives S-2, S-3, 

and S-4 all include •protection of the entire Parcel E shoreline, which is equally implementable for each 

alternative. Alternative S-1 does not involve remedial technologies or institutional controls· and is the 
. I , 

easiest to implement. 

5.2.7. Cost 

Alternative S-1 requires no action; therefore, no costs are associated with this alternative. Alternative S-2 

would incur relatively low· costs ($35.2 million) because it includes no active remediation prior 

to property transfer. Alternatives S-3 and S-4 would incur higher costs ($48.7 million for Alternative S-3 

and $50.2 million for Alternative S-4} because they all include excavation and off-site disposal of 

contaminated soil as a process options. Estimated capital and O&M costs for · each alternative are 

summarized in Table 5-1. 

_5.2.8. Overall Rating of Soil Alternatives 

An overall rating was assigned to each alternative (see Table 5-2). Alternative S-4· is rated very good 

overall for the two threshold and five balancing NCP evaluation criteria. Alternative S-3 is rated lower 
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I .. , 

mainly because i~ would be less effective in the long-term, as compared with Alternative S-4, because 

contaminated soil would not be removed at the Tier 2 locations. Alternative S-2 was rated very good 

overall, mainly because it would be relatively easy and inexpensive to implemen,t and would not require 
1 . . . 

any intrusive actiyities that could expose workers, the. community, or the environment to risk in the short-

term. The no-act~on alternative (Alternative S-1) .was deemed not acceptable overall, because it does not 

satisfy the two th~eshold criteria. . 
. ,1 

'I 

5.3. DETAILED ANALYSIS OF GROUNDWATER ALTERNATIVES ' . 

This section eva;luates each groundwater alternative in comparison with the two threshold and five 

balancing NCP J,valuation criteria discussed in Section 5. Table 5-1 summarizes the costs for each 
ii 

alternative, and 'I]able 5-4 summarizes each alternativ.e_'s rating under the two threshold and five balancing 
I .-·. • .• ·.• . .. • . . • 

NCP evaluation criteria. 

5.3.1. Detaile~ Analysis of Alternative GW-1 : No Action 
'I 

Under Alternativ~ GW-1, ,no response action would be taken. Groundwater at Parcel E would be left as 

i·s, without imple:meqting any institutional controls, containment, removal, treatment, or other response 

actions. 

5.3.1.1. Overiall Protection of Human Health and the Environment: Alternative GW-1 
I 
'I 

Groundwater at Rarcel E poses a risk to human health through the .vapor intrusion pathway, and it poses a 

risk to aquatic wildlife through migration to San Francisco Bay. Alternative GW-1 does not provide 
'I 

remedial actions br institutional controls to (1) prevent direct exposure to, or reduce the amount of, COCs ,, 

present in groun4water, or (2) to protect aquatic wildlife from potential migration of COECs to the bay. 
,1 

As a result, Alternative GW-1 is not protective of human health or the environment. The rating for 
', 

Alternative GW-1 for overall protection of human health and the environment is not protective. 
,1 

·1 

5.3.1.2. Com:pliance with ARARs: Alternative GW-1 

There is no need;lto identify ARARs for the no-action alternative because ARARs apply to "any removal 

or remedial acti~n conducted entirely on site" and "no action" is not a removal or remedial action. 

CERCLA § 121 (42 U.S.C. § 9621) cleanup standards for selection of a Superfund remedy, including the 

requirement to ~eet ARARs, are not triggered by the no-action alternative (EPA, 1991 ). Therefore, a 

discussion of coiypliance with ARARs is not appropriate. 

5.3.1.3. Loni-Term Effectiveness and Permanence: Alternative GW-1 
i . ' 

The factors evaluated under long-term effectiveness and permanence include the magnitude of residual 
,: 

risks and adequacy and reliability of controls. Under the no-action alternative, contaminated groundwater 
I 

presenting an uqacceptable risk would ~ot be reduced; therefore, this alternative would present an· 

N:\Projects\2005 Projects\2~!049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FSI05Final\FinalParcelE_FS.docx 

\ . . 
ERRG-6011-00,00-0006 5-14 

• I 
'i 

• 

• 

• 



• 

• 

• 

Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

unacceptable risk to human health. Because no treatment, engineering controls, or institutional controls 

would be implemented under this alternative, the adequacy and reliability of controls are poor. The rating 

for Alternative GW-1 for long-term effectiveness and permanence is not acceptable. 

5.3.1.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative GW-1 

Alternative GW-1 would not reduce the mobility, toxicity, or volume of hazardous substances at Parcel E 

because groundwater would not be treated, contained, or removed. The overall rating for 

Alternative GW-1 for the reduction of mobility, toxicity, or volume through treatment is poor. 

5.3.1.5. Short-Term Effectiveness: Alternative GW-1 

Because no response action would be taken, Alternative GW-1 would not present any new health risks to 

the community and current occupants. No workers would be exposed to health risks, and no adverse 

environmental effects would result from construction and implementation of Alternative GW-1. 

Alternative GW-1 would not require any implementation time. Based on this evaluation, the overall 

rating for Alternative GW-1 for short-term effectiveness is excellent. 

5.3.1.6. Implementability: Alternative GW-1 

Implementability includes technical and administrative feasibility and the availability of 

required resources. No construction or operation is required to implement this alternative. As a result, 

Alternative GW-1 is technically and administratively feasible and does not require any resources. The 

overall rating for Alternative GW-1 for implementability is excellent. 

5.3.1.7. Cost: Alternative GW-1 

No capital or O&M costs are associated with Alternative GW-1. The rating for Alternative GW-1 for 

costs is excellent. 

5.3.1.8. Overall Rating: Alternative GW-1 

Alternative GW-1 does not meet the threshold criteria; therefore, Alternative GW-1 is not acceptable. 

5.3.2. Detailed Analysis of Alternative GW-2: Institutional Controls and Long-Term 
Groundwater Monitoring 

Alternative GW-2 consists ofinstitutional controls and long-term groundwater monitoring·. 

5.3.2.i. Overall Protection of Human Health and the Environment: Alternative GW-2 

Alternative GW-2 would protect human health because it would prevent direct exposure to contaminated 

groundwater and vapors through the implementation of institutional controls. The institutional controls 

would prevent human exposure to contaminated groundwater; however, active treatment of contamination ·· 

in groundwater is not included in this alternative. 
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Ecological receptors are not present in the groundwater. No water quality criteria exist for groundwater to 

protect marine organisms in nearby surface water. The California Toxics Rule applies at the interface of 

San Francisco Bay and the A-aquifer; but not directly in the A-aquifer groundwater. Trigger levels for 

COECs in A-aquifer groundwater, developed in Appendix A, are exceeded in several A-aquifer monitoring 

wells at Parcel E. The trigger levels were developed to serve as location-specific comparison values for 

groundwater to identify when additional evaluation may be necessary. The trigger-level evaluation is 

considered overlr · conservative because trigger levels only account for hydrodynamic dispersion in 

groundwater tra~'sport and ignore attenuation in the tidal zone or attenuation from discharge to the bay. 

Further modeling or studies following additional monitoring may find that there is no impact to the bay. In 
I . 

the absence of site-specific hydrodynamic information, it is conservatively assumed that a potential remains 

for impact to the bay. Therefore, Alternative GW-2 may not be protective for the environment. 

The rating for Alternative GW-2 for overall protection of human health and the environment is not 

protective. 

5.3.2.2. Compliance with ARARs: Alternative GW-2 

Alternative GW-2 complies with chemical-specific ARARs for groundwater because institutional controls 

would restrict activities that could expose humans to chemicals in groundwater, thereby blocking the 

exposure pathwar to concentrations exceeding the PRGs. However, based on the trigger level evaluation, 

several A-aquife~ locations at Parcel E may result in discharges to the bay at concentrations exceeding 

chemical-specific; ARARs for surface water. The location-specific ARARs identified for protection of 

cultural, coastal, wetland, and biological resources at Parcel E would also be met. Action-specific ARARs 

for groundwater monitoring would be met by developing and implementing appropriate work procedures. 

The overall rating for Alternative GW-2 for compliance with the ARARs is does not meet ARARs. 

5.3.2.3. Long-Term Effectiveness and Permanence: Alternative GW-2 

The factors evaluated under long-term effectiveness and permanence include the magnitude of residual 

risks and adequacy and reliability of controls. Under Alternative GW-2, risks from exposure to 

groundwater COCs would be reduced because institutional controls would limit exposure to groundwater 

by potential human receptors. The HHRA concluded that risk due to vapor intruding into buildings exists 

at the site (Barajas & Associates, Inc., 2008b). The potential exists for vapor to enter through future 

building slabs aµd utility lines. However, these risks would be reduced through implementation of 

institutional condols that would require new construction to incorporate vapor mitigation controls into the 

facility design. .. The potential risks from contaminated groundwater migrating to San Francisco Bay 

remains unchanged except by natural processes. 

Natural processes are expected to reduce concentrations very slowly at Parcel E. Although the presence 

of microbial activity has been demonstrated at other locations at HPS, the data do not suggest that natural 

-:-~--: 
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processes alone would reduce COEC concentrations at Parcel E to below trigger levels within 30 years. 

The adequacy and reliability of this alternative depends primarily on the maintenance and enforcement of 

access restrictions. The reliability and adequacy of the long-term monitoring program and the reliability 

of natural processes also affect the effectiveness of this alternative. 

A LUC RD document would be prepared to guide implementation·of deed restrictions and inspection for 

compliance and enforcement for the institutional controls and the groundwater monitoring program. The 

control on natural processes would be established in the monitoring program; these controls may include 

sentry wells between plume source areas and the bay and the use of associated trigger levels for COECs. 

Overall, the rating for Alternative GW-2 for the long-term effectiveness and permanence is poor. 

5.3.2.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative GW-2 

Alternative GW-2 would not reduce the mobility, toxicity, or volume of hazardous substances at Parcel E 

because groundwater would not b~ treated, contained, or removed. The overall rating for 

Alternative GW-2 for the reduction of mobility, toxicity, or volume through treatment is poor. 

5.3.2.5. Short-Term Effectiveness: Alternative GW-2 

Alternative GW-2 would not present any new risks to the community. Minimal health risks would be 

posed by the installation of monitoring wells to expand the existing well network. Minimal risk to 

workers would be posed during baseline groundwater sampling events, but proper PPE and appropriate 

health and safety protocols would minimize these risks. The GSR evaluation revealed that the small 

environmental footprint related to the implementation of long-term. monitoring would be primarily 

associated with emissions, residual handling, and equipment use during well drilling activities. Although 

risks (to human health and the environment) exist from the groundwater contamination at the site, 

monitoring would allow for evaluation of those risks and would be used to ensure that institutional 

controls are effective in reducing the risk of exposure. 

Based on this evaluation, the overall rating for Alternative GW-2 for short-term effectiveness is very good. 

5.3.2.6. Implementability: Alternative GW-2 

Implementability includes technical and administrative feasibility and the availability of required 

resources. Construction or O&M to implement Alternative GW-2 would be minimal; therefore, this 

alternative is technically and administratively feasible. Long-term groundwater monitoring is a routine 

activity and requires a moderate level of routinely available resources. 

The overall rating for Alternative·GW-2 for implementability is excellent. 
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' 
I 

5.3.2.7. · Cost! Alternative Gw..:2 • 
:1 

'.I 

The total capitall and O&M costs for Alternative GW-2 are presented in Table 5-1 and detailed m 
ii 

Appendix E. The capital costs to implement long-term monitoring and institutional controls are very low. 
,I 

Periodic monitor¥1g costs would also be low, because the monitoring program would be optimized every 
I 

few years to redupe unnecessary monitoring. 
'1 

i . 
The overall ratin~ of Alternative GW-2 for cost is very good. 

5.3.2.8. Ove~all Rating: Alternative GW-2 

Alternative GW-¥, is not protective of human health and the environment, and it does not meet ARARs; 
l . 

therefore, it is rat.~d as not acceptable: 
' 

!I 
5.3.3. Detailed Analysis of Alternative GW-3A: Groundwater Containment, In-Situ 

Bioremidiation, Monitored Natural Attenuation, and Institutional Controls 
I 

<I 

'I 

Alternative GW-3A consists of implementation of ISB to treat groundwater plumes containing organic 

chemicals, folloJ,ed by MNA and institutional controls. This alternative also includes installation of 
,, 

groundwater div~rsion barrier (slurry wall) downgradient of the IR-02 Northwest metals plume. Site-

wide groundwate~ monitoring would also be implemented under this alternative. 
/I . 

5.3.3.1. OveJau Protection of Human Health and the Environment: Alternative GW-3A • 
:1 

Alternative GW-}A protects human health because it would reduce COC concentrations in groundwater 

at Parcel E. The environment would be protected through installation of a groundwater diversion 

structure (slurry 1iwall), thus preventing migration of nearshore COEC contamination to San Francisco 

Bay. Until remehiation goals are met, institutional controls would be implemented to prevent exposures 
11 

to contaminated groundwater and vapors associated with groundwater. The overall rating for Alternative 

GW-3A for over~ll protection of human health and the environment is protective. 
l , 

! 

5.3.3.2. Compliance with ARARs: Alternative GW-3A 
1 • 

Chemical-specifib ARARs for Alternative GW-3A would be met through active treatment, groundwater 
:t 

containment, an{l institutional controls to prevent exposure to COCs or COECs at unacceptable 
\ . 

concentrations. The location.:specific ARARs identified for protection of cultural, coastal, wetland, and 

biological resourbes at Parcel E would also be met. Action-specific ARARs would be met through design 
. ' ,1 

of a treatment approach and developing and implementing appropriate work procedures. The overall 

rating for Altemdtive GW-3A for compliance with the ARARs is meets ARARs. 
:I 

5.3.3.3. 
,I 

Lon~-Term Effectiveness and Permanence: Alternative GW-3A 

The factors evaluated under long-term effectiveness and permanence include the magnitude of residual 
,, 

risks and adeq~acy and reliability of controls. Under Alternative GW-3A, short-term risks to • 
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groundwater contamination would be reduced by preventing a complete exposµre pathway to potential 

human receptors through institutional controls. Long-term risks would be reduced through treatment to 

achieve remediation goals. The adequacy and reliability of this alternative in the interim would depend 

on maintenance and enforcement of the access restrictions .. 

The potential for vapor intrusion currently exists at the site, .and would continue if the site is redeveloped 

before completion of the remedy (that is, attainment of remediation goals). Some potential would exist 

for vapor to enter through building slabs and utility lines. However, these risks would be reduced through 

implementation of institutional controls that would require new construction to incorporate vapor 

mitigation controls into. the facility design if redevelopment is to begin before completion of the remedy. 

A LUC RD would be prepared to guide implementation of deed restrictions and inspection for 

compliance and enforcement of the institutional controls and the groundwater monitoring program. The 

treatment of groundwater plumes would provide permanent risk reduction: Alternative GW-3A would 

allow revisions to the RD as needed during the implementation phase to maximize effectiveness of the 

response action. 

The overall rating for Alternative GW-3A for the long-term effectiveness and permanence is very good. 

5.3.3.4. Reduction of Mobility, Toxicity~ or Volume through Treatment: Alternative GW-3A 

Alternative GW-3A would reduce the toxicity and mobility of COCs and COECs and reduce the volume 

of contaminated groundwater at Parcel E. ISB would reduce the toxicity of organic COCs by degrading 

them to harmless compounds, although this process may be time-consuming at Building 406, where 

plume concentrations are highest at the site. Installation of the groundwater diversion structure (slurry 

wall) at IR-02 Northwest would reduce the mobility of chemicals in groundwater at that location. MNA 

would monitor the continued degradation of residual COCs by biodegradation and other processes after 

active bioremediation ends. The overall rating for Alternative GW-3A for the reduction of mobility, 

toxicity, or volume through treatment is very good. 

5.3.3.5. Short-Term Effectiveness: Alternative GW-3A 

Under Alternative GW-3A, and similar with the soil alternatives (including excavation), the community 

would be protected during implementation by containment controls sue~ as dust suppression during 

excavation and use of covers over the hauling trucks during off-site transportation. Measures also would 

be implemented to protect site workers during construction activities. 

Under Alternative GW-3A, the active treatment would not present health risks to the community and 

future occupants because the treatment is applied as an in-situ injection and the injected materials are not 

toxic. The risk from groundwater monitoring would be minimal and is less than the long-term monitoring 

proposed for Alternative GW-2 due to the potential for a shorter monitoring duration. Workers applying 

the treatment would not be exposed to contaminated groundwater because the active treatment is applied 
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as an in-situ injection. The risk to workers during groundwater baseline monitoring would be minimized 

through the,,:use of proper handling of groundwater samples and appropriate PPE during sampling efforts. 

The GSR evaluation revealed that the environmental footprint related to implementation of ISB, slurry 

wall, MNA, and monitoring would be primarily associated with air emissions, residual handling, ahd 

equipment use during well drilling and slurry wall construction. Some environmental effects would be 

reduced through implementation of BMPs, such as use of best available emission control devices on 

drilling and construction equipment. Environmental impacts in the areas where the treatment would be 

injected are minor because of the industrial use of the areas. Similarly, the short-term increase in traffic 

during active treatment and monitoring would have minimal environmental effects. The overall rating for 

the short-term effectiveness is Alternative GW-3A is very good. 

5.3.3.6. Implementability: Alternative GW-3A 

Implementabiliti: includes technical and administrative feasibility and the availability of required 

resources. GroJndwater diversion structures (slurry walls) are easy to implement. Also, a similar 
,, 

groundwater div~rsion structure has been successfully implemented in the past along the HPS shoreline. 
,, 

:1 

Pilot studies at vrs demonstrated ,that injection treatment is feasible at HPS (Shaw, 2005 and 2011; 

TtEMI, 2003b; IT SI, 2005). Treatment requires a moderate level of resources. The major difficulty with 

implementing injection technologies during pilot studies at HPS has been mass transfer of the treatment 
' 

• 

substrate to the chemicals. Site-specific pilot studies would be required to determine design factors such • 

as radii of influence. Data from the pilot studies, as well as the lithology of the treatment area, would be 

used to determin~ sufficient injection points for treatment additives to optimize their success. 

Groundwater monitoring is a routine activity and requires a moderate level of resources. Monitoring 

would be required for each plume until concentrations of COCs meet remediation goals or until the 

plumes are stable. 

The overall rating for Alternative GW-3A for implementability is very good. 

5.3.3.7. Cost: Alternative GW-3A 

The total capital and O&M costs for Alternative GW-3A are presented in Table 5-1 and detailed in 

Appendix E. The costs to i1J1plement the institutional controls are low, and the cost to implement 

the monitoring program is moderate. The costs for in-situ treatment are moderate to high for 

Alternative GW-3A. 

The overall ratin1 for Alternative GW-3A for cost of implementing is good. 
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5.3.3.8. Overall Rating: Alternative GW-3A 

Alternative GW-3A meets ARARs and protects human health and the environment through active 

treatment, containment, and institutional controls. The environment is further protected with a monitoring 

program that includes sentry wells to assess the migration of groundwater to San Francisco Bay. The 

alternative is easily implemented with minimal effect to the community, if proper protective measures are 

used throughout the construction process. Additionally, the alternative effectively reduces mobility, 

toxicity, and volume of chemicals through treatment. The overall rating for Alternative GW-3A is very 

good. 

5.3.4. Detailed Analysis of Alternative GW-3B: Groundwater Containment, In-Situ 
Bioremediation, Zero-Valent Iron Reduction, Monitored Natural Attenuation, and 
Institutional Controls 

. . 

· Alternative GW-3B consists of implementation of ISB to treat organic chemicals in groundwater at all 

VOC plumes, except at the Building 406 TCE plume. At Building 406, ZVI would be implemented 

(instead of ISB) to treat the plume at that location. ISB and ZVI treatment would be followed by MNA 

and institutional controls. This alternative also includes installation of a groundwater diversion barrier 

(slurry wall) downgradient of the IR-02 Northwest metals plume. Site-wide groundwater monitoring 

would be implemented under this alternative . 

5.3.4.1. Overall Protection of Human Health and the Environment: Alternative GW-3B 

Alternative GW-3B protects human health because it would reduce COC concentrations in groundwater 

at Parcel E. The environment would be protected through installation of a groundwater diversion 

structure (slurry wall), thus preventing migration of nearshore COECs to San Francisco Bay. Until 

remediation goals are met, institutional controls would be implemented to prevent exposures to 

contaminated groundwater and vapors associated with groundwater. The overall rating for Alternative 

GW-3B for overall protection of human health and the environment is protective. 

5.3.4.2. Compliance with ARARs: Alternative GW-3B 

Chemical-specific ARARs pertinent to Alternative GW-3B would be met through active treatment of 

chemicals in groundwater and institutional controls to achieve acceptable risk levels. The location

specific ARARs identified for protection of cultural, coastal, wetland, and biological resources at Parcel E 

would also be met. Action-specific ARARs would be met through design of a treatment approach and 

developing and implementing appropriate work procedures. The overall rating for Alternative GW-3B 

for compliance with the ARARs is meets ARARs. 

5.3.4.3. Long-Term Effectiveness and Permanence: Alternative GW-3B 

The factors evaluated under long-term effectiveness and permanence include the magnitude of residual 

risks and adequacy and reliability of controls. Under Alternative GW-3B, ZVI would be implemented at 

N:\Projects\2005 Projectsl25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\Fina1ParcelE_FS.docx 

ERRG-601 l-0000-0006 5-21 



Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

the Building 406 TCE Plume because it is effective in treating the high-concentration VOCs that may be 

present at that plume. 

Under Alternative GW-3B, short-term risks to groundwater contamination would be reduced by 
'I 

preventing a co:rhplete exposure pathway to potential human receptors through institutional controls. 
I . 

Long-term risks :fWould be reduced through treatment to achieve remediation goals. The adequacy and 

reliability of this:! alternative in the interim would depend on maintenance and enforcement of the access 

restrictions. 

The potential for vapor intrusion currently exists at the site, and would continue if the site is redeveloped 

before completion of the remedy (that is, attainment of remediation goals). Some potential would exist 

for vapor to enter through building slabs and utility lines. However, these risks would be reduced through 

implementation of institutional controls that would require new construction to incorporate vapor 

mitigation contrdls into the facility design if redevelopment is to begin before completion of the remedy. 

A LUC RD w0uld be prepared to guide implementation of deed restrictions and inspection for 

compliance and }nforcement of the institutional controls and the groundwater monitoring program. The 

treatment of grohndwater plumes would provide permanent risk reduction. Alternative GW-3B would 

allow revisions t~ the RD as needed during the implementation phase to maximize effectiveness of the 

response action. · 

• 

The overall rating for Alternative GW-3B for the long-term effectiveness and permanence is very good. • 

5.3.4.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative GW-3B 

Alternative GW-3B would reduce the toxicity and mobility of COCs and COECs, and reduce the volume 

of contaminated 'groundwater at Parcel E. ISB and ZVI would reduce the toxicity of organic COCs by 

degrading them to harmless compounds. The installation of the groundwater diversion structure (slurry 
I 

wall) at IR-02 Nfrthwest would reduce the mobility of the contaminants in the site. MNA would monitor 

the continued degradation of residual COCs by biodegradation and other processes after active 

bioremediation ends. The overall rating for Alternative GW-3B for the reduction of mobility, toxicity, or 

volume through treatment is very good. 

5.3.4.5. Short-Term Effectiveness: Alternative GW-3B 

Under Alternative GW-3B, similar with the soil alternatives (including excavation), the community would 

be protected during implementation by containment controls such as dust suppression during excavation 
' . 

and use of •covers over the hauling trucks during off-site transportation. Measures also would be 

implemented to ~rotect site workers during construction activities. 

Under Alternative GW-3B, the active treatment would not present health risks to the community and 

future occupants:because the treatment is applied as an in-situ injection and the injected materials are not 
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toxic. The risk from groundwater monitoring would be minimal and is less than the long-term monitoring 

proposed for Alternative GW-2 due to the potential for a shorter monitoring duration. Workers applying 

the treatment would not be exposed to contaminated groundwater because the active treatment is applied 

as an in-situ injection. The risk to workers during groundwater baseline monitoring would be minimized 

through the use of proper handling of groundwater samples and appropriate PPE during sampling efforts. 

The GSR evaluation revealed that the environmental footprint related to implementation of ISB, ZVI, 

slurry wall, MNA, and monitoring would be primarily associated with air emissions, residual handling, 

and equipment use during well drilling and slurry wall construction. Some environmental effects would 

be reduced through implementation of BMPs, such as use of best available emission control devices on 

drilling and construction equipment. Environmental impacts in the areas where the injection treatment 

would be applied are minor because of the industrial use of the areas. Similarly, the short-term increase 

in traffic during active treatment and monitoring would have minimal environmental effect. The overall 

rating for the short-term effectiveness of Alternative GW-3B is very good. 

5.3.4.6. Implementability: Alternative GW-3B 

Implementability includes technical and administrative feasibility and the availability of required 

resources. Groundwater diversion structures (slurry walls) are easy to implement. Also, a similar 

groundwater diversion structure has been successfully implemented in the past along the HPS shoreline . 

Pilot studies at HPS demonstrated that injection treatment is feasible at HPS (Shaw, 2005 and 2011; 

TtEMI, 2003; ITSI, 2005). Treatment requires a moderate level ofresources. The major difficulty with 

implementing injection technologies during pilot studies at HPS has been mass transfer of the treatment 

substrate to the chemicals. Site-specific pilot studies would be required to determine design factors such 

as radii of influence. Data from the pilot studies, as well as the lithology of the treatment area, would be 

used to determine sufficient.injection points for treatment additives to optimize their success. 

Groundwater monitoring is a routine activity and requires a moderate level of resources. Monitoring 

would be required for each plume until concentrations · of COCs meet remediation goals or until the 

plumes are stable. 

The overall rating for Alternative GW-3B is very good. 

5.3.4.7. Cost: Alternative GW-3B 

The total capital and O&M costs for Alternative GW-3B are presented in Table 5-1 and detailed m 

Appendix E. The costs to implement the institutional controls are low, and the cost to implement 

the monitoring program is moderate. The costs for in-situ treatment are moderate to high for 

Alternative GW-3B. The overall rating for Alternative GW-3B for cost of implementing is poor . 
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5.3.4.8. ···Overall Rating: Alternative GW-3B 

Alternative GW-3B meets ARARs and protects human health and the environment through active 

treatment, containment, and institutional controls. The environment is further protected with a monitoring 

program that includes sentry wells to assess the migration of groundwater to San Francisco Bay. The 

alternative is easily implemented with minimal effect to the community, if proper protective measures are 

used throughout the construction process. Additionally, the alternative effectively reduces mobility, 

toxicity, and volume of chemicals through treatment. The inclusion of ZVI treatment in this alternative 

would be effective in treating high-concentration VOCs that may be present at the Bu'ilding 406 TCE 

Plume. The overall rating for Alternative GW-3B is very good. 
' . 

5.3.5. Detailed Analysis of Alternative GW-4: Groundwater Containment, In-Situ 
Biorem~diation, Air Sparging, Monitored Natural Attenuation, and Institutional 

,1 

Control~ 

Alternative GW-4 is intended for use in conjunction with Alternative S-4. Alternative GW-4 consists of 

implementation <;>f ISB to treat organic chemicals in groundwater at all VOC plumes, except at the 

Building 406 TCE plume. At Building 406, air sparging would be implemented (instead of ISB) to . 

supplement SVE under Alternative S-4 to treat the plume at that location. ISB and air sparging and 

treatment would be followed by MNA and institutional controls. This alternative also includes 

installation of groundwater diversion structure (slurry wall) downgradient of the IR-02 Northwest metals 

plume. Site-wide groundwater monitoring would be implemented under this alternative. 

5.3.5.1. Overall Protection of Human Health and the Environment: Alternative GW-4 

Alternative GW-4 protects human health because it would reduce COC concentrations in groundwater at 
I, 

Parcel E. The environment would be protected through installation of a groundwater diversion structure 

(slurry. wall), th+ preventing migration of nearshore COECs to San Francisco Bay. Until remediation 

goals are met, 1nstitutional controls would be implemented to prevent exposures to contaminated 
,[ 

groundwater and vapors associated with groundwater. The overall rating for Alternative GW-4 for 

overall protectioli of human health and the environment is protective. 

5.3.5.2. Co~pliance with ARARs: Alternative GW-4 

Chemical-specific ARARs for Alternative GW-4 would be met through active treatment of chemicals in 

groundwater and institutional controls to achieve acceptable risk levels. The location-specific ARARs 

identified for protection of cultural, coastal, wetland, and biological resources at Parcel E would also be 

met. Action-specific ARARs would be met through design of a treatment approach and developing and 

implementing appropriate work procedures. The overall rating for Alternative GW-4 for compliance with 

the ARARs is meets ARARs. 
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5.3.5.3. Long-Term Effectiveness and Permanence: Alternative GW-4 

The factors evaluated under long-term effectiveness and permane~ce include the magnitude of residual 

risks and adequacy and reliability of controls. Under Alternative GW-4, air sparging, in conjunction with 

SVE, would be implemented at Building 406 to treat the most expansive plume at Parcel E. This 

technology is effective for accelerating the removal and treatment of VOCs in groundwater plumes. 

However, in heterogeneous soil, stripping dissolved-phase chemicals from groundwater could pose 

challenges in adequately capturing VOC emissions from the unsaturated zone. 

Under Alternative GW-4, short-term risks to groundwater contamination would be reduced by preventing 

a complete exposure pathway to potential human receptors through institutional controls. Long-term risks 

would be reduced through treatment to achieve remediation goals. The adequacy and reliability of this 

alternative in the interim would depend on maintenance and enforcement of the access restrictions. 

The potential for vapor intrusion currently exists at the site, and would continue if the site is redeveloped 

before completion of the remedy (that is, attainment of remediation goals). Some potential would exist 

for vapor to enter through building slabs and utility lines. However, these risks would be reduced through 

implementation of institutional controls that would require new construction to incorporate vapor 

mitigation controls into the facility design if redevelopment is to begin before completion of the remedy. 

A LUC RD would be prepared to guide implementation of deed restrictions and inspection for 

compliance and enforcement of the institutional controls and the groundwater monitoring program. The 

treatment of groundwater plumes would provide permanent risk reduction. Alternative GW-4 would 

allow revisions to the RD as needed during the implementation phase to maximize effectiveness of the 

response action. 

The overall rating for Alternative GW-4 for long-tei-m effectiveness and permanence is good. 

5.3.5.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative GW-4 · 

Alternative GW-4 would reduce the toxicity and mobility of COCs and COECs and reduce the volume of 

contaminated groundwater at Parcel E. Aerobic and anaerobic bioremediation (at all plumes other than 

the Building 406 TCE Plume) under Alternative GW-4 would degrade COCs to harmless compounds. 

Air sparging at Building 406 wou.ld remove VOCs; however, the presence of heterogeneous fill material 

could limit the effectiveness of the VOC removal and treatment if the injected air is distributed irregularly 

in the saturated zone. The installation of the groundwater diversion structure (slurry wall) at the IR-02 

Northwest metals plume would reduce the mobility of chemicals at the site. MNA would monitor the 

continued degradation of residual COCs by biodegradation and other processes after active 

bioremediation ends. The overall rating for Alternative GW-4 for the reduction of mobility, toxicity, or 

volume through treatment is good . 

N:\Projects\2005 Projects\25-049_Navy_HPS_E-2_RI-FS\B_Originals\Parcel-E_FS\05Final\Fina1Parce1E_:.FS.docx 

ERRG-6011-0000-0006 5-25 

ERRG 



Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

5.3.5.5. Short-Term Effectiveness: Alternative GW-4 
,, ,, 

Under Alternative GW-4, similar with the soil alternatives (including excavation); the community would 

be protected during implementation by containment controls such as dust suppression during excavation 

and use of covers over the hauling trucks during off-site transportation. Measures also would be 

implemented to protect site workers during construction activities. 

Under Alternativ~ GW-4, the active treatment would not present health risks to the community and future 

occupants becau~e the treatment is applied as an in-situ injection and the injected materials are not toxic. 

The risk from groundwater monitoring would be minimal and is less than the long-term monitoring 

proposed for Alternative GW-2 due to the potential for a shorter monitoring duration. Workers applying 

the treatment would not be exposed to contaminated groundwater because the active treatment is applied 

as an in-situ injection. The risk to workers during groundwater baseline monitoring would be minimized 
I . 

through the use 9f proper handling of groundwater samples and appropriate PPE during sampling efforts. 

The GSR evaluation revealed that Alternative GW-4 would produce a large environmental footprint 

because of the operation of the SVE and air sparging system in addition to implementation of ISB, slurry 

wall, MNA, and monitoring. Operation of the SVE and .air sparging system contributes significantly to 

air emissions ani;l energy usage because of the equipment use. Some environmental impacts would be 

reduced throughj! implementation of BMPs, such as use of best available emission control devices on 
I 

drilling and construction equipment and optimization of SVE _and air sparging equipment operation. The 

short-term increase in traffic during active treatment and monitoring would have minimal environmental 

effect because of the industrial use of the areas. The overall rating for the short-term effectiveness is 

Alternative GW-4 is good. 

5.3.5.6. lmptementability: Alternative GW-4 

Implementability includes technical and administrative feasibility and the availability of required 

resources. Groundwater diversion structures (slurry walls) are easy to implement. Also, a similar 

groundwater div~rsion structure has been successfully implemented in the past along the HPS shoreline. 

Pilot studies at HPS demonstrated that injection treatment is feasible at HPS (Shaw, 2005 and 2011; 

TtEMI, 2003; IT'SI, 2005). Treatment requires a moderate level of resources. The major difficulty with 

implementing injection technologies during pilot studies at HPS has been mass transfer of the treatment 

substrate to the chemicals. · Site-specific pilot studies would be required to determine design factors such 

as radii of influe11ce. Data from the pilot studies, as well as the lithology of the treatment area, would be 

used to determine a sufficient density of air sparging and SVE wells, as well as injection points for 

treatment additi✓es, to optimize the success of the in-situ treatment. 
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Groundwater monitoring is a routine activity and requires a moderate level of resources. Monitoring 

would be required for each plume until concentrations of eoes meet rem_ediation goals or until the 

plumes are stable. 

The overall rating for Alternative GW-4 is very good. 

5.3.5.7. Cost: Alternative GW-4 

The total capital and O&M costs for Alternative GW-4 are presented in Table 5-1 and detailed in 

Appendix .E. The costs to implement the institutional controls are low, and the cost to implement 

_the monitoring program is moderate. The costs for in-situ treatment are moderate to high for 

Alternative GW-4. The overall rating for Alternative GW-4 for cost of implementing is poor. 

5.3.5.8. OveraHRating: Alternative GW-4 

Alternative GW-4 meets ARARs and protects human health and the environment through active 

treatment, containment, and institutional controls. The environment is further protected with a monitoring 

program that includes sentry wells to assess the migration of groundwater to San Francisco Bay. 

However, the inclusion of air sparging (coupled with SVE) at the Building 406 TeE Plume poses several 

challenges. The performance of air sparging may be limited by the presence of heterogeneous soil, which 

poses challenges in effectively removing voes from groundwater and adequately capturing voe 

emissions from the unsaturated zone. In addition, Alternative GW-4 would produce a large 

environmental footprint because of the operation of the SVE and air sparging system in addition tQ 

implementation of ISB, slurry wall, MNA, and monitoring. The alternative is readily implemented with 

minimal effect to the community, if proper protective measures are used throughout the construction 

process. The overall rating for Alternative GW-4 is good. 

5.4. COMPARISON OF GROUNDWATER REMEDIAL ALTERNATIVES 

This section compares the five groundwater alternatives. The discussion of each evaluation criterion 

generally proceeds from the alternative that best satisfies the criterion to the one that least satisfies the 

criterion. Table 5-4 summarizes the ratings for each alternative and shows a comparison of each 

alternative's ratings for the seven NeP evaluation criteria. Table 5-5 summarizes the evaluation of each 

alternative compared to the five balancing criteria. 

5.4.1. Overall Protection of Human Health and the Environment 

Overall protection of human health and the environment is a threshold criterion. Protection is not measured by 

degree; rather, each alternative is considered either protective or not protective. Alternatives GW-3A, GW-3B, 

and GW-4 are protective of human health and the environment. Alternative GW-2 is protective of human 

health but is not protective of aquatic wildlife. Alternative GW-1 is not protective. Alternatives GW-3A, 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

GW-3B, and GWc-4 would accelerate the degradation of chemicals that would result in reducing the duration • 
I 

of implementatioJ and allow for reduction in the longevity of some institutional controls over time. 

5.4.2. Compliance with Applicable or Relevant and Appropriate Requirements 
I, 

Compliance with ARARs is a threshold evaluation criterion. An alternative must either comply with 

ARARs or provide grounds for a waiver. Alternatives GW-3A, GW-3B, and GW-4 meet all of the 

pertinent ARARs. Alternative GW-2 does not meet all of the pertinent ARARs. An evaluation of 

ARARs for Alternative GW-1 is not applicable. 

5.4.3. Long-Term Effectiveness and Permanence 

Alternatives GW-3A and GW-3B would provide the highest level of long-term effectiveness and 
,, 

permanence beca,use COCs and COECs would be degraded or immobilized using treatment technologies 

that have been successfully implemented at other HPS sites. Alternative GW-4 was rated slightly lower 

because the air sparging (proposed for the Building 406 TCE Plume) may be limited by the presence of 

heterogeneous sclil, which poses challenges in adequately capturing VOC emissions from the unsaturated 

zone. Alternative GW-2 would provide a poor level of long-term effectiveness and permanence because 

human health risk would be addressed only through institutional controls and potential ecological risk 

may not, be add}essed at all. Alternative GW-1 would not provide an acceptable level of long-term 

effectiveness and, permanence. 

'i 
5.4.4. Reduction of Mobility, Toxicity, or Volume through Treatment 

Alternatives GW-3A and GW-3B are rated the highest because they all reduce the toxicity and/or 
. ) . 

mobility of COCs and COECs, as well as the volume of contaminated groundwater by active treatment of 

COCs and COECs through both aerobic and anaerobic degradation. Alternative GW-4 was rated slightly 

lower because the air sparging (proposed for the Building 406 TCE Plume) may be limited by the I , . . 

presence of heterogeneous soil, which poses challenges in effectively removing and treating VOCs from 

groundwater. Alternatives GW-1 and GW-2 would not reduce the toxicity or volume of chemicals, other 

than through the natural recovery of the aquifer. 
-I 

5.4.5. Short-Term Effectiveness 

Alternative GW~l has an excellent short-term effectiveness rating because no response actions are 

conducted under this alternative. Alternatives GW-3A, GW-3B, and GW-4 pose a greater risk to workers 

than Alternative :IGW-2 because they involve more aggressive field activities that would expose receptors 

to additional risks. However, the risks associated with implementing Alternatives GW-3A, GW-3B, and 

GW-4 could be mitigated through implementation of control measures during the construction period. 

Control measur~f have been implemented successfully at HPS in the past, and should not be considered a 

significant hindrance to these alternatives. Alternatives GW-3A and GW-3B would generate similarly 
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sized environmental footprints, primarily associated with emissions and energy from well drilling and 

slurry wall construction. Alternative GW-4 would produce a larger environmental footprint because air 
. . 

emissions would be released by operation of the SVE and air sparging system. Comparatively, 

Alternative GW-2 would produce a relatively small footprint because of the lack of construction-based 

field activity. Overall, none of the environmental footprints produced by these remedial alternatives 

would be considered large enough or would occur over a long enough period of time to be considered a 

hindrance to short-term effectiveness. 

5.4.6. Implementability 

Alternatives GW-1 and GW-2 have the highest rating because their implementation requires minimal to 

no construction. Alternatives GW-3A, GW-3B, and GW-4 are more complex to implement because they 

all include construction and implementation of in-situ treatment technologies. 

5.4.7. Cost 

Alternative GW-1 requires no action; therefore, no costs are associated with this alternative. 

Alternative GW-2 would incur low costs ($2.6 million) b~cause it includes no active remediation prior to 

property transfer. Alternatives GW-3A, GW-3B, and GW-4 would incur high costs ($4.5 million for 

Alternative GW-3A, $5.7 million for Alternative GW-3B, and $5.9 million for Alternative GW-4) 

because they all include heavy construction and implementation of specialized treatment technologies . 

Estimated capital and O&M costs for each alternative are summarized in Table 5-1. 

5.4.8. Overall Rating of Groundwater Alternatives 

Alternatives GW-3A and GW-3B were assigned overall ratings of very good. Alternative GW-4 was 

assigned an overall rating of good;._the lower rating for this alternative is attributed to the challenges and 

limitations of air sparging if implemented at the Building 406 TCE Plume. Alternatives GW-1 and GW-2 

were rated not acceptable because they do not satisfy the threshold criteria. 

Although Alternatives GW-3A and GW-3B were both rated very good, Alternative GW-3B is significantly 

more expensive to implement than Alternative GW-3A. The increased cost of Alternative GW-3B is 

attributed to the ZVI injection at the Building 406 TCE Plume. The ZVI injection is proposed because it 

would be more effective in treating the high-concentration VOCs that may be present at the Building 406 

TCE Plume. As described in Section 2.1.3.4.2, the Navy has used ZVI at the Building 406 TCE Plume as 

part of a GWTS, and the post-injection groundwater data show that the ZVI has reduced TCE 

concentrations. The Navy continues to collect groundwater data at this plume and will evaluate the\ 

'groundwater data during the RD to determine if the remaining VOC concentrations are high enough to 

warrant additional ZVI injection . 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

5.5. 
,I ,, 

DETAILJED ANALYSIS OF NAPL REMEDIAL ALTERNATIVES 
11 

I 
I 

This section evaluates each NAPL alternative for IR-03 in comparison with the two threshold and five 
I , 

balancing NCP ~valuation criteria discussed in Section 5. Table 5-1 summarizes the costs for each 
I . , 

alternative, and 1:'able 5-6 summarizes each alternative's rating under the two threshold and five balancing 

NCP evaluation triteria. 
:~ 

I 

5.5.1. Detailec;I Analysis of Alternative N~1: No Action 
I 

Under Alternativ1e N-1, no response action would be taken. NAPL and associated contaminated soil and 
!I 

groundwater wo-&ld be left as is, without implementing any institutional controls, containment, removal, 

h
!I . 

treatment, or ot er response actions. 
'I 

5.5.1.1. Overall Protection of Human Health and the Environment: Alternative N-1 
1[ 

NAPL at IR-03 Joses a risk to human health. Alternative N-1 does not provide treatment or institutional 

controls to preve
1

~t direct exposure to NAPL present in soil or groundwater. As a result, Alternative N-1 

is not pr9tective ::of human health. The rating for Alternative N-1 for overall protection of human health 

and the environll}ent is not protective. · 
:1 

5.5.1.2. Coiri,pliance with ARARs: Alternative N-1 
ii 

• 

There is no needi to identify ARARs for the no-action alternative because ARARs apply to "any removal • 

or remedial actibn conducted entirely on site" and "no action" is not a removal or remedial action. 

CERCLA § 121142 U.S.C. § 9621) cleanup standards for selection of a Superfund remedy, including the 

requirement to ~eet ARARs, are not triggered by the no-action alternative (EPA, 1991). Therefore, a 

discussion of corhpliance with ARARs is not appropriate. 
,1 

!1 

5.5.1.3. 
ii 

Long-Term Effectiveness and Permanence: Alternative N-1 ,, 

The factors eval~ated under l~ng-term effectiveness and permanence include the magnitude of residual 
I 

risks and adequah and reliability of controls. Under the no-action alternative, NAPL and associated soil 
I • 

and groundwatef contamination would not be reduced; therefore, this alternative would present an 

unacceptable risf to human health and the environment. Because no treatment, engineering controls, or 

institutional ~ontrols would be implemented during this alternative, the adequacy and reliability of 
'.i 

controls are poor. The rating for Alternative N-1 for long-term effectiveness and permanence is not 

acceptable. . :i 

' . 5.5.~.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative N-1 

Alternative N-1 ~ould not reduce the mobility, toxicity, or volume of hazardous substances at Parcel E 

because NAPL ind associated soil and groundwater contamination would not be treated, contained, or 
'1 
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removed. The overall rating for Alternative N-1 for the reduction of mobility, toxicity, or volume through 

treatment is poor. 

5.5.1.5. Short-Term Effectiveness: Alternative N-1 

Because no response action would be taken, Alternative N-1 would not present any new health risks to the · 

community and current occupants. No workers would be exposed to health risks, and. no 

adverse environmental effects would result from construction and implementation of Alternative N-1. 

Alternative N-1 would not require any implementation time. Based on this evaluation, the overall rating 

for Alternative N-1 for short-term effectiveness is excellent. 

5.5.1.6. ~mplementability: Alternative N-1 

Implementability includes technical and administrative feasibility and the availability of 

required resources. No construction or operation is required to implement this alternative. As a result, 

Alternative N-1 is technically and administratively feasible and does not require any resources. The 

overall rating for Alternative N-1 for implementability is excellent. 

5.5.1.7. Cost: Alternative N-1 

No capital or O&M costs are associated with Alternative N-1. The rating for Alternative N-1 for costs is 

excellent. 

5.5.1.8. Overall Rating: Alternative N-1 

Alternative N-1 does not meet the threshold criteria; therefore, Alternative N-1 is not acceptable. 

5.5.2. Detailed Analysis of Alternatives N-2: Source Containment, Monitoring, and 
Institutional Controls 

Alternative N-2 consists of a combination of source containment, long-term groundwater monitoring, and 

institutional controls. 

5.5.2.1. Overall Protection of Human Health and the Environment: Alternative N-2 

Alternative N-2 would protect human health and the environment by isolating the residual contamination 

using a, vertical containment barrier (slurry wall) and a low~p~mi~ability surface cover (60-niifHDi>E 

geomembrane cover). Through containment and long-term monitoring, this alternative would mitigate 

potential future exposure of humans and wildlife. The rating for Alternative N-2 for overall protection of 

human health is protective. 

5.5.2.2 .. Compliance with ARARs: Alternative N-2 

Alternative N-2 includes institutional controls and response actions. Both action- and chemical-specific 

ARARs associated with this. alternative would be met. The location-specific ARARs identified for 
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protection of cultural, coastal, wetland, and biological resources at Parcel E would also be met. As a 

result, Alternative N-2 would meet ARARs. The overall rating for Alternative N-2 for compliance with 

ARARs is meets ARARs. 

5.5.2.3. Long-Term Effectiveness and Permanence: Alternative N-2 

The. factors evaluated under long-term effectiveness and permanence include the magnitude of residual 

risks and adequacy and reliability of controls. Alternative N-2 provides protection of human health and 

the environment because soil and NAPL zones that pose unacceptable risk would be covered and 

chemical migration would be limited through the use of a cover and a vertical barrier. In addition, risks 

related to NAPL and associated groundwater and soil contamination would be reduced, in the short-term, 

by preventing a complete exposure pathway to humans through institutional controls. The long-term 

adequacy and reliability of this alternative would also depend on maintenance and enforcement of the 

access restriction.:s. The reliability and adequacy of the long-term monitoring program and the reliability 

of natural processes also affect the effectiveness of this alternative. A LUC RD document would be 

prepared to guidJ implementation of deed restrictions and inspection for compliance and enforcement for 
II 

the institutional !:controls and the groundwater monitoring program. Alternative N-2 _would allow 
1, 

revisions to the ~ as needed during the implementation phase to maximize effectiveness of the response 

action. 

Overall, the rating for Alternative N-2 for long-term effectiveness and permanence is good. 

5.5.2.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative N-2 

Alternative N-2 includes containment of the NAPL source area using a cover and a vertical barrier (slurry 
. ' . . . . 

wall), as well as_ ins_titutio~al bontrols .. However, this alternative does not include treatment that would 

result in th~ destruc;tio.n,Jransfwmation, or irreversible reduction in contaminant mobility. Therefore, the 
. -.:, · .• -,··rr i.:: .·,,t · . ., ··, .. , . ,: .· - · -· . '·' .· 

.. •-·· ov,er;:_ill;_~~titjg\f9r-\AMrv1tif~ N-2io{ tl}e\e,ductio~ of mobility, to~i~ity, and volume through treatment is 

);~~l({t,iifa;~t~lf(~':*:J ': . : .· · .. ·. .· . . . 
5.5.2.5. ·. . Short-Term Effectiveness: Alternative N-2 

Risks to the community may occur due to increased construction traffic during implementation of this 

alte~ative. Risk to workers· that are construct1ng covers over known contaminated soil may occur. 

However, workers would adhere to a chemical- and activity-specific accident prevention and safety and 
I 

health plans, which would include the assignment of appropriate PPE and protective exposure measures. 
I 

The GSR evalu;~tion revealed that the environmental footprint related to implementation of this 

alternative would be primarily associated with air emissions from the use of construction equipment to 
I . 

construct the slprry wall and cover. Some environmental impacts would be reduced through 

implementation 9f BMPs,-· such as use of best available emission control devices on construction 

--~--ERRG 
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equipment. There would be a little effect from the time required to complete the response action because 

the activities would likely be completed in less than 1 year. 

The overall rating for Alternative N-2 for short-term effectiveness, including i~plementing the 

institutional controls, is very good. 

5.5.2.6. Implementability: Alternative N-2 

Implementability includes technical and administrative feasibility and · the availability of required 

resources. The construction of impermeable barriers (slurry walls) and geomembrane covers are standard 

remedial processes that have been implemented successfully at numerous sites nationwide. Similarly, the 

combination of impermeable barriers and covers are standard methods with a proven track record for 

preventing infiltration and mitigating migration of contamination. In addition, the institutional controls 

are administratively easy to implement. 

The overall rating for Alternative N-2 for implementability is very good. 

5.5.2.7. Cost: Alternative N-2 

The total capital and O&M costs for Alternative N-2 are presented in Table 5-1 and detailed in 

Appendix E. The costs to implement the institutional controls are low, and the cost to implement the 

monitoring program is moderate. The costs to implement the vertical. containment barriers and covers are 

moderate for Alternative N-2. The overall rating for Alternative N-2 for cost is very good. 

Overall Rating: Alternative N-2 

The overall rating for Alternative N-2 is good. The NAPL source (among other contaminants in soil and 

groundwater) would be contained on all sides through installation of a low-permeability cover and a 

vertical containment barrier (slurry wall) that would encircle the source area. This remedy could easily be 

implemented and would be effective in containing the contaminant source. Institutional controls would 

be implemented to prevent exposure to all COCs, and long-term monitoring would be implemented to 

verify that the integrity of the remedy is not compromised. Under this alternative, the entire NAPL 

source area (among other contaminants in soil and groundwater) would remain in place, presenting a 

potential long~term concern. · 

5.5.3. Detailed Analysis of Alternatives N-3: Source Removal or Treatment, 
Containment, Monitored Natural Attenuation, and Institutional Controls 

Alternative N-3 consists of a combination of source removal or treatment, containment, MNA, and 

institutional controls. 
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5.5.3.1. Overall Protection of Human Health and the Environment: Alternative N-3 

Alternative N-3 y.rould protect human health and the environment by removing or treating most of the 

NAPL at IR-03 apd isolating residual contamination using a vertical containment barrier (slurry wall) and 

aJow-permeability soil cover. (60-mil HDPE geomembrane cover). Through source removal/treatment, 

containment, and! long-term monitoring, this alternative would limit potential future exposure of humans 

and wildlife. The:; rating for Alternative N-3 for overall protection of human health is protective. 

5.5.3.2. Compliance with ARARs: Alternative N-3 

Alternative N-3 inc,ludes institutional controls and response actions. Both action- and chemical-specific 

ARARs associated with this alternative would be met. The location-specific ARARs identified for 

protection of culfural, coastal, wetland, and biological resources at Parcel E would also be met. As a 

result, Alternativ~ N-3 would meet ARARs. The overall rating for Alternative N-3 for compliance with 

ARARs is meets i'ARAR.s. 

5.5.3.3. Lon~-Term Effectiveness and Permanence: Alternative N-3 

The factors evaluated under long-term effectiveness and permanence include the magnitude of residual 

risks and adequacy and reliability of controls. Under Alternative N-3, risks from exposure to NAPL in 

· the subsurface, as well as other COCs and COECs in soil and groundwater, would be reduced through 

removal or treatment of the source to the extent practical. Additionally, soil and NAPL zones that pose 

unacceptable ris:R would be covered and contaminant ·migration would be limited through the use of a 

vertical contain~ent barrier (slurry wall) and cover (geomembrane cover). Removal or treatment of the 

NAPL source aJea at IR-03 would reliably reduce risks. However, residual groundwater and soil 
I . . . 

contamination wbuld remain in place and would be addressed through containmen.t (i.e., slurry wall and 
. . ' ' _, . . ' . . 

geomemb~ane cover). 

The l~ng~term adequacy and reliability of this alternative would depend on maintenance and enforcement 

of the access restrictions. The reliability and adequacy of the long-term monitoring program and the 

reliability of natural processes also affect the effectiveness of this alternative. A LUC RD document 

would be prepaied to guide implementation of deed restrictions and inspection for compliance and 
I . 

enforcement for :
1

the institutional controls and the groundwater monitoring program. Alternative N-3 

would allow revi~ions to the RD as needed during the implementation phase to maximize effectiveness of 

the response action. · 

Overall, the rating for Alternative N-3 for long-term effectiveness and permanence is good. 

5.5.3.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative N-3 

The source treatment elements of Alternative N-3 (specifically the solidification/stabilization that may be 

implemented in ~onjunction with other removal technologies) would reduce the toxicity and mobility of 
I 
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COCs and COECs in NAPL and soil at IR-03. Groundwater would not be actively tr~ated, but MNA 

would monitor the natural degradation of residual COCs by biodegradation and other processes following 

removal or treatment of the NAPL source. The source treatment elements of Alternative N-3 would not 

reduce the volume of the NAPL source. The overall rating for Alternative N-3 for the reduction of 

mobility, toxicity, or volume through treafrrient is good. 

5.5.3.5. Short-Term Effectiveness: Alternative N-3 

Under Alternative N-3, installation and operation of the source removal or treatment elements would pose 

risk to workers, requiring mitigation. All of the workers would adhere to a chemical- and activity-specific 

accident prevention and safety and health plan, which would include the assignment of appropriate PPE, 

decontamination procedures, and protective exposure measures. Wastes generated by the remediation 

activities would be managed through a combination of off-site disposal and discharge of adequately 

pretreated groundwater to the POTW. In addition, vapor and dust emissions from the remediation 

activities woul<i require monitoring and control to prevent unacceptable exposures. The risk from 

ongoing groundwater monitoring would be minimal. The GSR evaluation revealed that the 

environmental footprint related to implementation of this alternative would be primarily associated with 

the NAPL heating, extraction, and treatment
1 

operations that would result in greenhouse gas (GHG) 

emissions, energy use, water consumption, NOx emissions, and SOx emissions. Some environmental 

effects would be reduced through implementation of BMPs, such as optimization of heating operations . 

NAPL removal or treatment under Alternative N-3 would be implemented in 3 years or less. Following 

NAPL removal or treatment, monitoring would be implemented to verify the integrity of the containment 

remedy and to track the rate of natural attenuation over time. 

The overall rating for Alternative N-3 for the short-term effectiveness is very good. 

5.5.3.6. Implementability: Alternative N-3 · · 

Implementability includes technical and administrative feasibility and the availability of r~quired 

resources. Containment barriers (slurry walls) and covers (geomembrane covers) have been constructed 

successfully at numerous sites nationwide. Similarly, the combination of containment barriers and covers 

are standard methods with a proven track r~cord for reducing infiltration and migration of contamination. 

The site conditions at IR-03 pose challenges to cost-effectively implement NAPL source removal or 

treatment. Accordingly, this alternative incorporates a range of removal and treatment options to address 

the NAPL source. Table 4-7 identifies the removal and treatment options for IR-03, and briefly discusses 

the relative advantages and disadvantages of each technology. The NAPL remediation approach will be 

further studied (through bench-scale or pilot-scale testing) and refined during the RD in a manner that 

addresses the implementation challenges . 
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Thermally-enhanted dual-phase extraction, which was used as the primary remediation technology to • 

provide an uppeJ bound of the level of effort (and corresponding cost) for NAPL source removal, has 

been successfull~ implemented for years in the oil industry and the environmental industry. Difficulties 

in implementatioµ would be associated with installation of the electrical infrastructure required to power 

such a system. :currently, no sources of electricity are nearby that could provide adequate electrical 
't 

power at the site, !1but power could be routed to the site from an off-site location. 

There are no un4sual monitoring requirements, and there is no shortage of equipment and specialists 
I 

required for implfmentation. The overall rating for implementability of Alternative N-3 is very good. 

5.5.3.7. Cost: Alternative N-3 
I 

The total capital and O&M costs for Alternative N-3 are presented in Table 5-1 and detailed in 

Appendix E. Th~ costs to implement the institutional controls are low, and the cost to implement the 

monitoring pro~am is moderate. The costs for NAPL source removal/treatment and containment are 
:i 

high for Alternative N-3. The overall rating for Alternative N-3 is good. 
I 
'I 

5.5.3.8. Ovei\all Rating: Alternative N-3 
:1 

Alternative N-3 ![ meets ARARs and protects human health and the environment through source 

removal/treatmeqt, containment, and institutional controls. The environment is further protected with a 

monitoring progiam that includes sentry wells to assess the migration of groundwat~r to San Francisco • 

· Bay. This altern~tive can be implemented without significant effect to the community. Additionally, this. 

alternative woul4 red~c<.': mobili~y an,d tox:icity of contaminated NAPL and soil through treatm.ent. The 

ov~rall rating for I Alternatives N ~ 3 is good. . . 

'I 

5.5.4. Detailed Analysis of Alternative N-4A: Source Removal or Treatment, , 
Ground:-vater Treatment by In-Situ Bioremediation, Containment, Monitored 
Natural :IAttenuation, and Institutional Controls 1 . . 

Alternative N-4A consists of source removal or treatment, groundwater treatment (by aerobic ISB), 

containment, MNA, and institutiomd controls. 
. I 

5.5.4.1. Ovetan Protection of Human Health and the Environment: Alternative N-4A , I . 
!j 

Alternative N-4~ would protect human health and the environment because it would remove or treat the 

NAPL contamin'~tion source and treat residual VOC contamination in groundwater, thus reducing 

potential future ~
1

~posure of humans and wildlife. The rating for Alternative N-4A for overall protection 
,I 

of human health i,s protective. 
,, 
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5.5.4.2 . Compliance with ARARs: Alternative N-4A 

Alternative N-4A includes institutional controls and response actions. Both action- and chemical-specific 

ARARs associated with these alternatives would be met. The location-specific ARARs identified for 

protection of culturai, coastal, wetland, and biological resources at Parcel E would also be met. As a 

result, Alternative N-4A would meet ARARs. The overall rating for Alternative N-4A for compliance 

with ARARs is meets ARARs. 

5.5.4.3. Long~ Term Effectiveness and Permanence: Alternative N-4A · 

The factors evaluated unqer long-term effectiveness and permanence include the magnitude- of residual 

risks and adequacy and reliability of controls. Under Alternative N-4A, risks from exposure to NAPL in 

the subsurface, as well as other COCs and COECs in soil and groundwater, would be reduced through 

. removal or treatment of the source to the extent practical and groundwater treatment by ISB. 

Additionally, soil and NAPL zones that pose unacceptable risk would be covered and contaminant 

migration reduced through the use of a vertical barrier (slurry wall) and cover (geomembrane). Removal 

or treatment of the NAPL source area and the treatment of VOCs in groundwater at IR-03 would reliably 

reduce risks. However, residual groundwater and soil contamination would remain in place and would be 

addressed through cont.ainment (i.e., slurry wall and geomembrane cover). 

The long-term adequacy and reliability of this alternative would depend on maintenance and enforcement 
' . 

of the access restrictions. The reliabiiity and adequacy of the long-term monitoring program and the 

reliability of natural processes also affect the effectiveness of this alternative. A LUC RD document 

would be prepared to guide implementation of deed restrictions and inspection for compliance and 

enforcement for the. institutional controls and the groundwater monitoring program. Alternative N~4A 

would allow revisions to the RD as needed during the implementation phase to maximize effectiveness of 

the response action. 

Overall, the rating for Alternative N-4A for the long-term effectiveness and permanence is good. 

5.5.4.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative N-4A 

The source treatment elements of Alternative N-4A (specifically the solidification/stabilization 'that may 

be implemented in conjunction with other removal technologies) would reduce the toxicity and mobility 

of COCs and COECs in NAPL and soil at IR-03. · Aerobic bioremediation would degrade COCs in 

groundwater (primarily benzene) to non-toxic compounds. MNA would monitor the natural degradation 

of residual COCs by biodegradation and other processes after active remediation ends. The source 

· treatment elements of Alternative N-4A would not reduce the volume of the NAPL source, but the 

aerobic bioremediation elements would reduce the toxicity and volume of groundwater contamination. 

The overall rating for Alternative N-4A for the- reduction of mobility, toxicity, or volume through 

treatment is very good . 
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5.5.4.5. · Short-Term Effectiveness: Alternative N-4A 

Urider Alternativp N-4A, installation and operation of the source removal or treatment elements and 

implementation df ISB would pose risk to workers, requiring mitigation; All of the workers would adhere 

to a chemical- and activity-specific accident prevention and safety and health plan, which would include 

the assignment of appropriate PPE, decontamination procedures, and protective exposure measures. 
I . . 

Wastes generated by the remediation activities would be managed through a combination of off-site 

disposal and discharge of adequately pretreated groundwater to the POTW.. In addition, vapor and dust 

emissions from the remediation activities would require monitoring and control to prevent unacceptable 

exposures. The i;risk from ongoing groundwater monitoring would be minimal. The GSR evaluation 

revealed that th~ environmental footprint related to the implementation of this alternative would be 

primarily associated with the NAPL heating, extraction and treatment operations that would result in 

GHG emissions, energy use, water consumption, nitrogen oxide (NOx) emissions, and sulfur oxide (SOx) 

emissions. The !;inclusion of ISB would not significantly increase the environmental footprint of this 
I 

alternative. Some environmental impacts would be reduced through implementation of BMPs, such as 

optimization of heating operations: 

NAPL removal or treatment under Alternative N-4A would be implemented in 3 years or less. Following 

NAPL removal/treatment and ISB implementation, monitoring would be implemented. to verify the 

integrity of the remedy and to :track the rate of natural attenuation over time. 
:: 

The overall rating for Alternative N-4A for the short-term effectiveness is very good. 

5.5.4.6. . Implementability: Alternative N-4A 
'1 

'I 

Implementability includes technical arid administrative feasibility and the availability of required 

resources. Containment barriers (slurry walls) and covers (geomembrane covers) have been constmcted 

successfully at n*merous sites nationwide. Similarly, the combination of containment barriers and covers 

are standard methods with a proven track record for reducing infiltration and migration of contamination. 

The site conditi9ns at IR-03 pose challenges to cost-effectively implement NAPL source removal or 

treatment. Acco~dingly, this alternative incorporates a range of removal and treatment options to address 

the NAPL source·. Table 4-7 identifies the removal and treatment options for IR-03, and briefly discusses 

the relative advantages and disadvantages of each technology. The NAPL .remediation approach will be 

further studied (through bench-scale or pilot-scale testing) and refined during the RD in a manner that 
I . . 

addresses the implementation challenges. · 

Thermally-enhan,ced dual-phase extraction, which was used as the primary remediation technology to 
I . 

provide an upper bound of the level of effort (and corresponding cost) for NAPL source removal, has 

been successfully implemented for years in the oil industry and the environmental industry. Difficulties 

in implementation would be associated with installation of the electrical infrastructure required to power 
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such a system. Currently, no sources of electricity are nearby that could provide adequate electrical 

power at the site, but power could be routed to the site from an off-site location. 

Pilot studies at HPS demonstrated that injection treatment is feasible at HPS (Shaw, 2005; TtEMI, 2003; 

ITSI, 2005). ISB treatment requires a moderate level of resources. The major difficulty with 

implementing injection technologies during pilot studies at HPS has been mass transfer of the treatment 

substrate to the chemicals. Site-specific pilot studies would be required to determine design factors such 

as radii of influence. Data from the pilot studies, as well as the lithology of the treatment area, would be 

used to determine sufficient injection points for treatment additives to optimize their success. 

There are no unusual monitoring requirements, and there is no shortage of equipment and specialists 

required for implementation. The overall rating for implementability of Alternative N-4A is very good. 

5.5.4.7. Cost: Alternative N-4A 

The total capital and O&M costs for Alternative N-4A are presented in Table 5-1 and detailed in 

Appendix E. The costs to implement the institutional controls are low, and the cost to implement the 

monitoring program is moderate. ISB implementation costs are moderate to high. The costs for NAPL 

source removal/treatment and containment are high for Alternative N-4A. The overall rating for 

Alternative N-4A is good. 

5.5.4.8. Overall Rating: Alternative N-4A 

Alternative N~4A meets ARARs and protects human health and the environment through source · 

removal/treatment, groundwater treatment, containment, and institutional controls. The environment is 

further protected with a monitoring program that includes sentry wells t9 assess the migration of 

groundwater to San Francisco Bay. This alternative can be implemented without significant effect to the 

community. Additionally, this alternative would reduce mobility, toxicity, and volume of contaminated 

NAPL, soil, and groundwater through treatment. The overall rating for Alternative N~'4A is ·very good: · 

5.5.5. Detailed Analysis of Alternative N-4B: Source Removal or Treatment, 
Groundwater Treatment by Steaming, Containment, Monitored Natural 
Attenuation, and Institutional Controls 

Alternative N-4B consists of source removal or treatment, groundwater treatment by steaming, 

containment, MNA, and .institutional controls. Under this alternative, steaming would follow NAPL 

removal (using thermally-enhanced extraction) to address residual VOC contamination in groundwater. 

5.5.5.1. Overall Protection of Human Health and the Environment: Alternative N-4B 

Alternative N-4B would protect human health and the environment because it would remove or treat the 

NAPL contamination source and treat the residual VOC contamination in groundwater, thus reducing 
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potential future e~posure of humans and wildlife. The rating for Alternative N-4B for overall protection • 

of human health is protective. 
I 

5.5.5.2. Compliance with ARARs: Alternative N-4B 

Alternative N-4-B! includes institutional controls and response actions. Both action- and chemical-specific 

ARARs associatJd with these alternatives would be met. The location-specific ARARs identified for 
' . 

protection of cultural, coastal, wetland, and biological resources at Parcel E would also be met. As a 
I 

result, Alternativ~ N-4B would meet ARARs. The overall rating for Alternative N-4B for compliance 

with ARARs is nleets ARARs. 
'I 

5.5.5.3. Lon~:. Term Effectiveness and Permanence: Alternative N-4B 
l 

The factors evah~ated under long-term effectiveness and permanence include the magnitude of residual 

risks and adequaiy and reliability of controls. Under Alternative N-4B, risks from exposure to NAPL in 

the subsurface, is well as other COCs and COECs in soil and groundwater, would be reduced through 

removal or treat~ent of the source to the extent practical and groundwater treatment by steaming. 

Additionally,_ soiil and NAPL zones that pose unacceptable risk would be covered and contaminant 
~ . 

migration reducecl through the use of a vertical barrier and a cover. Removal or treatment of the NAPL 

source area a~d 1!treatment of VOCs in groundwater at IR-03 would reliably reduce risks. However, 

residual groundwater and soil contamination would remain in place and would be addressed through 

containment (i.e.~ slurry wall and geomembrane cover). • 

The long-term adequacy and reliability of this alternative would depend on maintenance and enforcement 
i 

of the access re~trictions. The reliability and adequacy of the long-term monitoring program and the 

reliability of na~ral processes also affect the effectiveness of this alternative. A LUC RD document 

would be prepaiied to guide implementation of deed restrictions and inspection for compliance and 

enforcement for ;the in'stitutional controls and the groundwater monitoring program. Alternative N-4B 
I 

would allow rev¥ons to the RD as needed during the implementation phase to maximize effectiveness of 

the response acti9n. 
I ,, 

Overall, the rating for Alternative N-4B for the long-term effectiveness and permanence is good.·_ 
I 

5.5.5.4._ Red4ction of Mobility, Toxicity, or Volume through Treatment: Alternative N"'."4B 

The source treatrpent elements of Alternative N-4B (specifically the solidification/stabilization that may 

be implemented }n conjunction with other removal technologies) would reduce the toxicity and mobility 

of COCs and cpEcs in NAPL and _soil at IR-03. Steaming (following thermally-enhanced NAPL 

extraction) would allow for extraction and treatment of COCs in groundwater. MNA would monitor the 

natural degradati1on of residual COCs by biodegradation and other processes after active remediation 
I - - -

ends. The source treatment elements of Alternative N.:.4B would not reduce the volume of the NAPL 
. I 
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source, but the steaming process would reduce the toxicity and volume of groundwater contamination . 

The overall rating for Alternative N-4B for the reduction of mobility, toxicity, or volume through 

treatment is very good. 

5.5.5.5. Short-Term Effectiveness: Alternative N-4B 

Under Alternative N-4B, installation and operation of the source removal or treatment elements and 

implementation of steaming would pose risk to workers, requiring mitigation. All of the workers would 

adhere to a chemical- and activity-specific accident prevention and safety and health plan, which would 

include the assignment of appropriate PPE, decontamination procedures, and protective exposure 

measures. Wastes generated by the remediation activities would be managed through a combination of 

off-site disposal and discharge of adequately pretreated groundwater to the POTW. In addition, vapor 

and dust emissions from the remediation activities would require monitoring and control to prevent 

unacceptable exposures. The risk from ongoing groundwater monitoring would be minimal. The GSR 

evaluation revealed that the environmental footprint related to implementation of this alternative would be 

primarily associated with the dual-phase NAPL heating, extraction, treatment, and steaming operations 

that would result in GHG emissions, energy use, water consumption, NOx emissions, and SOx emissions. 

The emissions and energy use associated with steaming contributes significantly to the environmental 

footprint of this alternative. Some environmental effects would be reduced through implementation of 

BMPs, such as optimization of heating and steaming operations . 

NAPL removal or treatment under Alternative N-4B would be implemented in 3 years or less. Following 

NAPL removal or treatment, active steaming of groundwater would be implemented for approximately 
I . 

6 months to address residual dissolved VOCs in groundwater within the source area. Following active 

remediation, monitoring would be implemented to verify the integrity of the remedy and to track the rate 

of natural attenuation over time. 

The overaUrating for Alternative N-4B for the short-term effectiveness is good. 

5.5.5.6. Implementability: Alternative N-4B 

Implementability includes technical and administrative feasibility and the availability of required 

resources. Containment barriers (slurry walls) and covers (geomembrane covers) have been constructed 

successfully at numerous sites nationwide. Similady, the combination of containment barriers and covers 

are standard methods with a proven track record for reducing infiltration and migration of contamination. 

l 
The site conditions at IR-03 pose challenges to cost-effectively implement NAPL source removal or 

treatment. Accordingly, this alternative incorporates a range of removal and treatment options to address 

the NAPL source. Table 4-7 identifies the removal and treatment options for IR-03, and briefly discusses 

the relative advantages and disadvantages of each technology. The NAPL remediation approach will be 
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further studied (through bench-scale or pilot-scale testing) and refined during the RD in a manner that 

addresses the implementation challenges. 

Thermally-enhanbed dual-phase extraction, which was used as the primary remediation technology to 
I 

provide an uppef bound of the level of effort {and corresponding cost) for NAPL source removal, has 

been successfully implemented for years in the oil industry and the environmental industry. Difficulties 

in implementation would be associated with installation of the electrical infrastructure required to power 

such a system. Currently, no sources of electricity are nearby that could provide adequate electrical 
. . . 

power at the site, but power could be routed to the site from an off-site location. Steaming, or high 

temperature thermal extraction, would increase the total energy "requirements for this alternative, which 

could make implementation more difficult. However, equipment used for thermally-enhanced dual-phase 

extraction could easily be adapted to transition to treatment by steaming. 
I 

There are no unusual monitoring requirements, and there is no shortage of equipment and specialists 
I 

required for implementation. The overall rating for implementability of Alternative N-4A is good. 
,, 

5.5.5.7. Cost: Alternative N-4B 

The total capital and O&M costs for Alternative N-4B are presented in Table 5-1 and detailed in 

Appendix E. Tlie costs to implement the institutional controls are low, and the cost to implement the 

monitoring progr:am is moderate. The costs for NAPL source removal/treatment followed by steaming 

and containmentiare high for Alternative N-4B. The overall rating for Alternative N-4B is good. 

5.5.5.8. 

':! 

'! 
I 

Overall Rating: Alternative N-4B 

Alternative N-4B meets ARARs and protects human health and the environment through source 

removal/treatment, groundwater treatment, containment, and institutional controls. The environment is 

further protected with a monitoring program that includes sentry wells to assess the migration of 

groundwater to San Francisco Bay. This alternative can be implemented without significant effect to the 

community, but groundwater treatment by steaming would increase the environmental footprint and pose 

implementation dhallenges. Additionally, this alternative would reduce mobility, toxicity, and volume of 

contaminated NAPL, soil, and groundwater through treatment. The overall rating for Alternatives N-4B 
:[ 

is good. ' 

5.5.6. Detailed Analysis of Alternative N-5: Source Removal by Excavation and NAPL 
Extraction/Treatment, Groundwater Treatment by In-Situ Bioremediation, ·· · · ·. · 
Containment, Monitored Natural Attenuation, and Institutional Controls 

Alternative N-5 consists of a combination of source removal by excavation in the unsaturated zone, 

followed by N.AEL extraction or treatment in the saturated zone, groundwater treatment (by aerobic ISB), 

containment, MNA, and institutional. controls. 
I 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

5.5.6.1. Overall Protection of Human Health and the Environment: Alternative N-5 

Alternative N-5 would protect human health and the environment by removing or treating the NAPL 

contamination source (including NAPL and NAPL-contaminated soil in the unsaturated zone), and 

treating residual VOC contamination in groundwater, thus reducing potential future exposure of humans 

and wildlife. The rating for Alternative N-5 for overall protection of human health is protective. 

5.5.6.2. Compliance with ARARs: Alternative N-5 

Alternative N-5 includes institutional controls and response actions. Both action- and chemical-specific 

ARARs associated with the.se alternatives would be met. The location-specific ARARs identified for 

protection of cultural, coastal, wetland, and biological resources at Parcel E would also be met. As a 

result, Alternative N-5 would meet ARARs. The overall rating for Alternative N-5 for compliance with 

ARARs is meets ARARs. 

5.5.6.3. Long-Term Effectiveness and Permanence: Alternative N-5 

The factors evaluated under long-term effectiveness and permanence include the magnitude of residual 

risks and adequacy and reliability of controls. Under Alternative N-5, risks from exposure to NAPL in 

the subsurface, as well as other COCs and COECs in soil and groundwater, would be reduced through 

removal or treatment of the source to. the extent practical and groundwater treatment by ISB. 

Additionally, soil and NAPL zones (in the saturated zone) that pose unacceptable risk would be covered 

and contaminant migration reduced through the use of a vertical barrier and a cover. Removal or 

treatment of the NAPLsource area and treatment ofVOCs in groundwater at IR-03 would reliably reduce 

risks. Ho~ever, residual groundwater and soil contamination would remain in place and would be 

addressed through containment (i.e., slurry wall and geomembrane cover). It should be noted that only a 

fraction of the unsaturated zone soils contain NAPL. Much of the overburden at IR-03 is either clean fill 

(imported to be used as cover soil) or existing soil that was not in the area of the ponds. This fact reduces 

the benefit of excavating the entire unsaturated zone at IR-03 .. 

The long-term adequacy and reliability of this alternative would depend.. on maintenance and enforcement 

of the access restrictions. The reliability and adequacy of the long-term monitoring program and the 

reliability of natural processes also affect the effectiveness of this alternative. A LUC RD document 

would be prepared to guide implementation of deed restrictions and inspection for compliance and 

enforcement for the institutional controls and the groundwater monitoring program. Alternative N-5 

would allow revisions to the RD as needed during the implementation phase to maximize effectiveness of 

the response action. 

Overall, the rating for Alternative N-5 for the long-term effectiveness and permanence is good . 
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5.5.6.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative N-5 

The source treattj.ient elements of Alternative N-5 (specifically the solidification/stabilization that may be 

implemented in conjunction with other removal technologies) would reduce the toxicity and mobility of 

COCs and COECs in NAPL and saturated zone soil at IR-03. Complete excavation of the unsaturated 

zone would not· involve treatment to reduce the toxicity, mobility, or volume of the localized NAPL 

· within this zone. Aerobic bioremediation would degrade COCs in groundwater (primarily benzene) to 

non-toxic compounds. MNA would monitor the natural degradation of residual COCs by biodegradation 

and other processes after active remediation ends. The source treatment elements of Alternative N-5 

.would not reduce the volume of the NAPL source, but the aerobic bioremediation elements would reduce 

the toxicity and volume of groundwater contamination. The overall rating for Alternative N-5 for the 

reduction of mobility, toxicity, or volume through treatment is very good. 

5.5.6.5. Short-Term Effectiveness: Alternative N-5 

Under Alternative N-5, installation and operation of the source removal or treatment elements and 

implementation of ISB would pose risk to workers, requiring mitigation. However, the most significant 

risk to site workers and the community would be associated with the excavation of the unsaturated zone 

soil. AB of the workers would adhere to a chemical- and activity-specific accident prevention and safety 

and health plan, :which would include the assignment of appropriate PPE, decontamination procedures, 

and protective exposure measures. Wastes generated by the remediation activities would be managed 

through a combtnation of off-site disposal and discharge of adequately pretreated groundwater to the 

POTW. In addition, vapor and dust emissions from the remediation activities would require monitoring 
'I 

and control to prevent unacceptable exposures. Radiological screening of soils would be implemented to 

minimize exposure. The risk from ongoing groundwater monitoring would be minimal. · The GSR 
,I 

evaluation reveal'ed that the environmental footprint related to implementation of this alternative would be 

primarily associ4ted with. the NAPL heating, extraction, and treatment operations that would result in 

GHG emissions,! energy use, water consumption, NOx emissi~ns, and SOx ·emissions. The unsaturated 
" 

zone excavation;i and the ISB would not significantly increase the environmental footprint of this 

alternative. So~e environmental impacts would be reduced through implementation of BMPs, such as 

optimization of ~eating operations. 
' 

NAPL removal or treatment under Alternative N-5 would be implemented in 3 years or less. Following 

NAPL removal/treatment, excavation of the unsaturated zone woll;ld be implemented in approximately 

4 months. Upon completion of the excavation, residual groundwater would be treated using ISB. 

Following ISB implementation, monitoring would be implemented to verify the integrity of the remedy 

and to track the rate of natural attenuation over time. 

The overall rating for Alternative N-5 for the short-term effectiveness is good. 
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5.5.6.6 . Implementability: Alternative N-5 

Implementability includes technical and administrative feasibility and the availability of required 

resources. Containment barriers ( slurry walls) and covers (geomembrane covers) have been constructed 

successfully at numerous sites nationwide. Similarly, the combination of containment barriers and covers 

are standard methods with a proven track record for reducing infiltration and migration of contamination. 

The site conditions at IR-03 pose challenges to cost-effectively implement NAPL source removal or 

treatment. Accordingly, this alternative incorporates a range of removal and treatment options to address 

the NAPL source. Table 4-7 identifies the removal and treatment options for IR-03, and briefly discusses 

the relative advantages and disadvantages of each technology. The NAPL remediation approach will be 

further studied (through bench-scale or pilot-scale testing) and refined during the RD in a manner that 

addresses the implementation challenges. 

Thermally-enhanced dual-phase extraction, which was used as the primary remediation technology to 

provide an upper bound of the level of effort (and corresponding cost) for NAPL source removal, has 

been successfully implemented for years in the oil industry and the environmental industry. Difficulties 

in implementation would be associated with installation of the electrical infrastructure required to power 

such a system. Currently, no sources of electricity are nearby that could provide adequate electrical 

power at the site, btit power could be routed to the site from an off-site location . 

Excavation and hauling are considered conventional and commonplace technologies. Large-scale 

excavations to address contaminated soil at HPS have been successfully implemented in the past. 

Pilot studies at HPS demonstrated that injection treatment is feasible at HPS (Shaw, 2005; TtEMI, 2003; 

ITSI, 2005). ISB treatment requires a moderate level of resources. The major difficulty with 

implementing injection technologies during pilot studies at HPS has been mass transfer of the treatment 

substrate to the chemicals. Site-specific pilot studies would be required to determine design factors such 

as radii of influence. Data from the pilot studies, as well as the lithology of the treatment area, would be 

used to determine sufficient injection points for treatment additives to optimize their success. 

T_here are no unusual monitoring requirements, and there is no shortage of equipment and specialists 

required for implementation. The overall rating for implementability of Alternative N-5 is very good. 

5.5.6.7. Cost: Alternative N-5 

The total capital and O&M costs for Alternative N-5 are presented in Table 5-1 and detailed in 

Appendix E. The costs to implement the institutional controls are low, and the cost to implement the 

monitoring program is moderate. ISB implementation costs are moderate to high. The costs for NAPL 

source removal/treatment, unsaturated zone excavation, and containment ·are high for Alternative N-5. 

The overall rating for Alternative.N-5 for cost is poor. 
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5.5.6.8. Overa:11 Rating: Alternative N-5 

Alternative N-5 meets ARARs and protects human health and the environment through source 

removal/treatment, groundwater treatment, containment, and institutional controls. The environment 

would be protected with a monitoring program that includes sentry wells to assess the migration of 

groundwater to San Francisco Bay. Additionally, this alternative would reduce mobility, toxicity, and 
j . • • 

volume of contaminated NAPL, soil, groundwater through treatment. However, excavation and disposal 

would pose sigpificant short-term risks to site workers and would be very expensive. These 

disadvantages ar~ not offset by any improved long-term effectiveness because of the relatively low 
:1 

volume ofunsatu'rated zone soils that contain NAPL. The overall rating for Alternatives N-5 is poor. 

5.5.7. Detailed Analysis of Alternative N-6: Source Removal by Excavation, Monitored 
Natural 

1

Attenuation, and Institutional Controls 

Alternative N-6 consists of complete source removal by excavation of the unsaturated and saturated 

zones, MNA, and institutional controls. 

5.5.7.1. Overall Protection of Human Health and the Environment: Alternative N-6 

Alternative N-6 would protect human health and the environment by removing the contamination source 

through excavation, thereby reducing potential future exposure of humans · and wildlife. The rating for 
,, 

Alternative N-6 for overall protection of human health is protective. 
!I 

5.5.7.2. 
,! 

Compliance with ARARs: Alternative N-6 
11 

Alternative N-6 includes institutional controls and response actions. Both action- and chemical-specific 

ARARs associated with these alternatives would be met. The location-specific ARARs identified for 

protection of cultural, coastal, wetland, and biological resources at Parcel E would also be met. As a 

result, Alternative N-6 would meet ARARs. The overall rating for Alternative N-6 for compliance with 

ARARs is meets ARARs. 

5.5.7.3. Long-Term Effectiveness and Permanence: Alternative N-6 

The factors evalu,ilted under long-term effectiveness and permanence include the magnitude of residual risks 
I' 

and adequacy atj.d reliability of controls. Under Alternative N-6, risks. from · exposure to NAPL and 
I 

associated soil and groundwater COCs would be reduced through removal of the source. Residual ,, 

groundwater confamination would_ undergo MNA, but not active treatment. The long-term adequacy and 

reliability of this alternative is largely achieved through source removal. Adequacy and reliability would be 
! 

confirmed through the long-term monitoring program. A LUC RD document would be prepared to guide 
I 

implementation c;,f deed restrictions and inspection for compliance and enforcement for the institutional 

controls and the. groundwater monitoring program. Removal of the NAPL source area at IR-03 would 

provide permanent risk reduction and would eventually lead to clean closure of this site. 

N:\Projects\2005 Projectsl25-049_Navy~HPS_E-2_RI-FS\B_Originals\Parcel-E_FSI05Fina~FinalParcelE_FS.docx 

ERRG-6011-0000-0006 5-46 
~--~:~'_.; 
ERRG 

• 

• 

• 



·• 

• 

• 

Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

Overall, the rating for Alternative N-6 for the long-term effectiveness and permanence is very good. 

5.5.7.4. Reduction of Mobility, Toxicity, or Volume through Treatment: Alternative N-6 

Alternative N-6 does not include treatment that would result in destruction, transformation, or irreversible . . I 
reduction in contaminant mobility. MNA would monitor the natural degradation of residual! COCs by 

biodegradation and other processes after active remediation ends; however, it is unlikely that _significant 

natural degradation would occur. Therefore, the overall rating for Alternative N-6 for the reduction of 

mobility, toxicity, and volume through treatment is poor. 

5.5.7.5. Short-Term Effectiveness: Alternative N-6 

Under Alternative N-6, excavation activities would pose acute risk to workers, requmng mitigation. 

Excavating and hauling contaminated soil and media would pose potential risk to workers. If not 

implemented properly, deep excavation · in saturated soil could cause slope failure hazards during 

excavation, which in tum could put site workers at risk. Proper engineering design and installation of a 

sheet-pile wall would minimize, but not eliminate, this risk. Multiple. mitigation measures would be 

implemented to protect human health and the environment. All of the workers would adhere to a chemical

and activity-specific accident preyention and safety and health plan, which would include the assignment of 

appropriate PPE, decontamination procedures, and protective exposure measures. Excavated NAPL and 

soil.would require off-site disposal. Significant risk to the bay would be associated with conducting a deep, 

large-scale excavation. along the bay. The risk from ongoing groundwater monitoring would be minimal. 

The GSR evaluation revealed that the environmental footprint related to implementation of unsaturated and 

saturated zone excavation and MNA would be primarily associated with the very high risk of accident or 

fatality due to the high-hazard nature of the work and the emissions of particulate matter less than 

10 micrometers due to heavy equipment use. Some environmental impacts would be reduced through 

· implementation of a comprehensive worker safety monitoring program and BMPs. 

Removal activities under Alternative N-6 would likely be implemented in approximately 1 year. The 

monitoring duration must demonstrate the effectiveness of the treatment and the permanent reduction of 

the COCs and COECs in groundwater. The time to meet remediation goals is anticipated to be less than 

30 years, because the entire source area would be removed and no longer contributing to contamination .. 
' . 

The overall rating for Alternative N-6 for the short-term effectiveness is mainly due to the significant risk 

to the bay that would be associated with the proposed excavation. The overall rating for short-term 

effectiveness is poor. 

5.5.7.6. Implementability: Alternative N~6 . 

Implementability includes technical and admir:istrative feasibility and the availability of required 

resources. Excavation and hauling are considered conventional · and commonplace technologies . 
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Excavation into the saturated zone increases the complexity significantly; however, it is still a proven 

· process. As stated above, if not implemented properly, deep excavation in saturated soil could cause 

slope failure hazards during excavation, which in tum could put site workers at risk. Proper engineering 

design and installation of a sheet-pile wall would minimize, but not eliminate, this risk. 
I , 

Groundwater monitoring is a routine activity and requires a moderate level of resources. Groundwater 
I 

monitoring would be required until concentrations of COCs meet remediation goals or until the plumes 

are stable. In addition, the institutional controls proposed for this alternative are easy to implement 

administratively. However, the overall rating for Alternative N-6 for implementability is poor. 

5.5.7.7. Cost: Alternative N-6 

The total capital and O&M costs for Alternative N-6 are presented in Table 5-1 and detailed m 
' ' 

Appendix E. T~f costs to implement the institutional controls are low, and th<;! cost to implement the 

monitoring progr~m is moderate. The costs for excavation are very high for Alternative N-6. The overall 

rating for Altemdtive N-6 for cost is poor. 
' . 

5.5.7.8. Overall Rating: Alternative N-6 

Alternative N-6 meets ARARs and protects human health and the environment through source removal and 

institutional controls. Excavation and disp
0

osal would significantly reduce the mobility of contaminated soil 

at the site. The ':mvironment is further protected with a monitoring program that includes sentry wells to 

assess the migration of groundwater to San Francisco Bay. This alternative can be implemented without 

significant effect :[to the community, although large-scale excavations require a variety of control measures 

to be implemente~d to minimize exposure. This alternative would pose significant risk to site workers and 

the bay throughout the construction period. Also, this alternative would cost almost $22 million to 

implement, which is very high. The ~verall rating for Alternatives N-6 is poor. 

5.6. COMP~RISON OF NAPL REMEDIAL ALTERNATIVES 

This section compares the seven NAPL alternatives. The discussion of each evaluation criterion proceeds 

from the alternative that best satisfies the criterion to the one that least satisfies the criterion. Table 5-6 
j . 

summarizes the ~ating for each alternative and shows a comparison of each alternative's ratings for the 

two threshold ana five balancing NCP evaluation criteri<1;. Table 5-7 summarizes the evaluation of each 

alternative comp~red to the five balancing criteria. 

5.6.1. Overall Protection of Human Health and the Environment 

Overall protection of human health and the environment is' a threshold criterion. Protection is not 

measured by degree; rather, each alternative is considered as either protective or not protective. 

Alternatives N-2 :through N-6 are protective. Alternatives N-2 through N-6 protect human health and the 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

environment under the anticipated future land use of the parcel, Alternative N-1 does not address any 

risks at the site, thus it does not provide sufficient protection to human health and the environment. 

5.6.2. Compliance with ARARs 

Compliance with ARARs is a threshold evaluation criterion. An alternative must either comply with 

ARARs or provide grounds for a waiver. Alternatives N-2 through N-6 comply with all of the pertinent 

ARARs. An evaluation of ARARs for Alternative N-1 is not applicable. 

5.6.3. Long-Term Effectiveness and Permanence 

Alternative N-6 is rated the highest because it removes the entire NAPL source, which is the major source 

of soil and groundwater contamination at IR-03. Alternatives N-3, N-4A N-4B, and N-5 all incorporate 

actions to remove or treat the NAPL source to the extent practical, but may leave NAPL-contaminated 

soil in place to varying degrees. Alternatives N-3, N-4A N-4B, and N-5 also include treatment of 

contaminated groundwater. Alternative N-2 is rated lower because it does not include actions to remove• 

or treat the NAPL source, and does not include treatment of contaminated groundwater. Alternatives N-2 

through N-5 all rely on containment (by slurry wall and geomembrane cover) to contain contaminated 

soils and groundwater. Alternatives N-2 through N-6 would provide long-term effectiveness in meeting 

the RAOs through reliance on continual enforcement of deed restrictions. 

• Since no action would be taken under Alternative N-1, it does not provide a long-term effective or 

permanent solution to contamination at the site. 

• 

5.6.4. Reduction of Mobility, Toxicity, or Volume through Treatment 

Alternatives N-3, N-4A, N-4B, and N-5 each include source treatment elements (specifically the 

solidification/stabilization that may be implemented in conjunction with other removal technologies) .that 

would reduce the toxicity and mobility of COCs and COECs in NAPL and soil at IR-03. Alternatives N-4A, 

N-4B, and N-5 also include groundwater treatment that would reduce the mobility, toxicity, and volume of 

groundwater contamination. Alternatives N-4A, N-4B, and N-5 rank equally high with respect· to this 

criterion. Alternative N-3 ranks slightly lower than Alternatives N-4A, N-4B, and N-5 because it involves no 

active groundwater treatment. Alternatives N-2 and N-6 rank lower than Alternatives N-3, N-4A, N-4B, and 

N-5 .because these alternatives would not involve treatment. Alternative N-1 also ranks low because no 

treatment would be performed. 

5.6.5. Short-Term Effectiveness 

Alternative N-1 rates the highest because it includes no action and has the least effect on the workers, 

community, or the environment during implementation. Alternatives N-2, N-3, N-4A, and N-4B are ranked 

slightly lower because they introduce more risk to these receptors and produce progressively larger 
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'I. 

environmental footprints, primarily due to air emissions and energy usage from equipment operations. 

However, they do not include large-scale excavation, hauling, and disposal of contaminated media like 

Alternatives N-5 !1and N-6, which produce large environmental footprints· due to elevated fatality and 

accident risks. Alternative N-5 ranks slightly lower than Alternatives N-2, N-3, N-4A, and N-4B because of 

the short-term risks to site workers posed by excavating the unsaturated zone soil. Alternative N-6 ranks the 

lowest because excavating the entire NAPL source poses significantly increased short-term risks to site 
', 

workers and significant risk to the bay. 

5.6.6. · Implementability 
. :! 

All alternatives are implementable. Implementability is rated highest for Alternative N-1 (the no-action 

alternative) because no action is required. Alternatives N-2 through N-5 involve removal or treatment of 

the NAPL using a, combination of proven technologies that would be further studied (through _bench-scale 
:1 

or pilot-scale testing) and refined during the RD in a manner that addresses the implementation challenges 
'I 

identified in Table 4-7. Alternatives N-4A and N-5 involve injection of substrate and nutrients for ISB, 

also a proven technology. Alternatives N-2 through N-5 require installation of a slurry wall and 

geomembrane coiyer, which are commonplace in the environmental industry and readily implementable. 

Alternative N-6 is the least implementable, mainly because of the significant challenges associated with 

conducting a deep excavation into the saturated zone within close proximity to San Francisco Bay. 

5.6.7. Cost 

Alternative N-1 requires no action; therefore, no costs are associated with this alternative. Alternative N-2 

is the least costlyii ($1. 7 million) because it is limited to containment, monitoring, and institutional controls. 

Alternatives N-3,: N-4A, and N-4B include NAPL source removal and treatment, which is associated with 

high cost. Thermally-enhanced dual-phase extraction was used as the primary remediation technology to 

provide an upper:; bound of the level of effort (and corresponding cost) for NAPL source removal ($13.1 

million, $14.7 niillion, and $16.2 million, respectively). Alternatives N-5 and N-6 include large-scale 

excavations, which significantly increase costs ($22.0 million and $21.8 million, respectively). Estimated 

capital and O&M costs for each alternative are summarized in Table 5-1. 

'i 
5.6.8. · Overall 1Rating 

An overall rating was assigned to each alternative (see Table 5-6). Alternative N-4A was assigned an 

overall rating ot very good. Alternatives N-2, N-3 and N-4B were assigned overall ratings of good 

because of lesser degrees of treatment (Alternatives N-2 and N-3) or because of issues related to short

term effectiveness and implementability (Alternative N-4B). Alternatives N-5 and N-6 were assigned 

overall ratings_ ot poor because of issues related to short-term effectiveness and cost. For Alternative N-5, 

the issues related to short-term effectiveness and cost would not be offset by any improved long-term 

effectiveness because of the relatively low volume of unsaturated zone soils that contain NAPL. For 
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Section 5 Detailed and Comparative Analysis of Remedial Alternatives 

Alternative N-6, significant issues related to implementability (in addition to the issues related to short

term effectiveness and cost) would not offset the slight improvement in long-term effectiveness. 

Alternative N-1 was deemed unacceptable because it would not meet the threshold criteria . 
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Table 5-1. Summary of Costs for Soil, Groundwater, and NAPL Alternatives 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Total Total Total Period of 
Remedial Alternative Capital Cost O&M Cost Periodic Cost Analysis 

SOIL 

Alternative S-1 : No Action $0 $0 $0 32 years 

Alternative S-2: Covers, ICs, and $24,550,000 $2,842,000 $5,569,000 32 years 
Shoreline Protection 

Alternative S-3: Excavation and Off-site $36,066,000 $2,842,000 $5,472,000 32 years 
Disposal of Tier 1 Locations, Followed by 
Covers, ICs, a~d Shoreline Protection 

Alternative S-4: Excavation and Off-site $37,312,000 $2,842,000 $5,472,000 32 years 
Disposal of Tier 1 and Tier 2 Locations, 
Followed by Covers, Soil Vapor 
Extraction, ICs, and Shoreline Protection 

GROUNDWATER 

Alternative GW-1: No Action $0 $0 $0 32 years 

Alternative GW-2: ICs and Long Term $279,000 $2,604,000 $275,000 32 years 
Groundwater Monitoring 

--·······-·-··-·········-····· -···--·-·---- ···---·· ---·------- -

Alternative GW-3A: Groundwater $1,163,000 $3,571,000 $275,000 32 years 
Containment, In-Situ Bioremediation, 
MNA, and ICs 

Alternative GW-3B: Groundwater $2,065,000 $3,677,000 $275,000 32 years 
Containment, In-Situ Bioremediation, ZVI 
Reduction, MNA, and ICs 

·-··-·-··-------·-·--

Alternative GW-4: Groundwater $2,042,000 
Containment, In-Situ Bioremediation, Air 

$3,961,000 $275,000 32 years 

Sparging, MNA, and ICs 
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Total Cost 

$0 

$39,553,000 

$53,256,000 

$54,750,000 

$0 

$3,790,000 

··-····-----·---·-·"--

$6,012,000 

$7,220,000 

$7,534,000 

• 
Present Value 

$0 

$35,184,000 

$48,719,000 

$50,191,000 

$0 

$2,640,000 

$4,511,000 

$5,662,000 

$5,934,000 
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Table 5-1. Summary of Costs for Soil, Groundwater, and NAPL Alternatives (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Total Total Total · Period of 
Remedial Alternative Capital Cost O&M Cost Periodic Cost Analysis 

-~ - ,=--~- - - ------- -
__ _ l':,IAPL (IR-03)_ 

Alternative N-1 : No Action $0 $0 $0 32 years 

Alternative N-2: Source Containment, $1,098,000 $83,000 $343,000 31 years 
MNA, and ICs 

Alternative N-3: Source Removal or $11,234,000 $248,000 $343,000 34 years 
Treatment, Containment, Groundwater 
Monitoring, and ICs 

Alternative N-4A: Source Removal or $12,477,000 $559,000 $343,000 35 years 
Treatment, Groundwater Treatment by In-
Situ Bioremediation, Containment, MNA, 
andlCs 

Alternative N-4B: Source Removal or $14,110,000 $248,000 $343,000 35 years 
Treatment, Groundwater Treatment by 
Steaming, Containment, MNA, and ICs 

Alternative N-5: Source Removal by $18,696,000 $559,000 $343,000 35 years 
Excavation and NAPL 
Extraction!Treatment, Groundwater 
Treatment by In-Situ Bioremediation, 
MNA, and ICs 

·-----· _ .. ··----- --·-·· ·--··----··-···- ---····-------- - ------- - ------- -----~--· ··--··--· 

Alternative N-6: Source Removal by $17,889,000 $83,000 $343,000 31 years 
Excavation, MNA, and ICs 

Notes: 
All costs rounded to the nearest $1,000. 

Total cost includes a 20 percent contingency factor 

Total Cost Present Value 

$0 $0 

$1,829,000 $1,659,000 

$14,190,000 $13,116,000 

$16,056,000 $14,734,000 

$17,642,000 $16,240,000 

$23,519,000 $22,001,000 

$21,978,000 $21,800,000 

, Present Value based on a 2.7% discount factor for projects with a 30 year (or greater) duration, as specified for federal facility sites in Appendix C of Office of Management and Budget 
Circular A-94 (effective December 2008) at http://www.whitehouse.gov/omb/circulars/a094/a94_appx-c.htrnl 

ICs = institutional controls 

MNA = monitored natural attenuation 

NA = not applicable 

NAPL = nonaqueous-phase liquid 

O&M = operation and maintenance 
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Table 5-2. Comparative Analysis of Soil Remedial Alternatives for Parcel E 
Feasibility Study Report for Parcel E, Hunters Point Shipyard , San Francisco, California 

Alternative S-1: No Action 
Not Not 0 0 • Protective Applicable 

Alternative S-2: Covers, ICs, and 
Protective Meets t) 0 l l 

Shoreline Revetment ARARs 

Alternative S-3: Excavation and Off-Site Disposal 
of Tier 1 Locations, Followed by Covers, ICs, and Protective Meets • 0 ARARs Shoreline Revetment 

Alternative S-4: Excavation and Off-Site Disposal 
Protective Meets 

of Tier 1 and Tier 2 Locations, Followed by ARARs t) t) 
Covers, SVE, ICs, and Shoreline Revetment 

Notes: 

• $0 0 

I) $35.2 • 
$48.7 

I) $50.2 • 
a Overall protection of human health and the environment and compliance with ARARs are threshold criteria and alternatives are judged as either meeting or not meeting the criteria. 

ARARs applicable or relevant and appropriate requirements 
ICs institutional controls 
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0 Not acceptable 

0 Poor 

t) Good 

9) Very Good 
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Table 5-3. Summary of Comparative Analysis of Soil Alternatives 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Long-Term 
! 

Reducti~n of Mobility, I i ! 

Effectiveness and ' Toxicity, or Volume ! i ' 
Soil Alternative Permanence i through Treatment I Short-Term Effectiveness I Implementability Cost1 

I 
Parameters Parameters Parameters considered: I Parameters considered: Parameters 
considered: considered: 

■ Exposure of the ! ■ Technical and considered: 

■ Magnitude of ■ Anticipated community during administrative feasibility ■ Capital costs 
residual risks capability to implementation of implementing an ■ Operations 

■ Adequacy and reduce toxicity, ■ Exposure of the ' alternative and 
reliability of release mobility, or workers during ■ Availability of required maintenance 
controls volume of construction resources and materials costs 

,! 
·chemicals 

■ Environmental effects · ■ Ability to construct the 
■ Time required to technology 

achieve RAOs ■· Reliability of the 
I technology ! 

■ Monitoring 
considerations 

I 
■ Availability of equipment 

' and specialists 

Alternative S-1: Not Acceptable ' Poor Excellent Excellent Excellent 
No Action 

Not effective and not Does not reduce the No short-term risk because Readily implementable. No costs incurred.· 
permanent because mobility, toxicity, or no active remediation 

residual soils· volume of chemicals activities are proposed. 
contamination above I in soil through I I 

remediation goals is 
I 

treatment. 
. not addressed; no 

engineering controls to 
prevent exposure and 

no long-term 
management 

measures 
implemented. 

! 
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Table 5-3. Summary of Comparative Analysis of Soil Alternatives (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Long-Term Reduction of Mobility, ! · i 

Effectiveness and Toxicity, or Volume 
Soil Alternative Permanence through Treatment ' Short-Term Effectiveness Implementability 

- - - -- -
Alternative S-2: Good Poor Very Good Very Good 

Covers, ICs, and 
Effective in the long- Does not reduce the Increased construction Technically feasible and Shoreline 

Protection term because covering mobility, toxicity, or traffic may cause risk to relatively easy to implement 
soils reduces risks and volume of chemicals community; constructing because technologies are 

cuts off exposure in soil through covers may cause risk to ,- conventional and 
pathways, adequacy treatment. workers but less risk than commonplace; coordination 
and reliability of ICs excavation; environmental of periodic cover 

depend on monitoring effects would be reduced maintenance and 
and maintaining through implementation of replacement for many years 

covers. best management work following installation may be 
practices; activities likely to challenging; ICs are easy to 

be completed in 2 years. implement administratively. 

Alternative S-3 Very Good Poor Good Very Good 
Excavation and 

Effective in the long- Does not reduce the Risk to community may Technically feasible although Off-site Disposal of 
Tier 1 Locations, term because potential mobility, toxicity, or occur by excavating and significant volume of activity; 

Followed by unacceptable risk from volume of chemicals transporting contaminated easily implemented because 

Covers, ICs, and soils COCs are in soil through 
' 

soils but minimized with technologies are 

Shoreline reduced through treatment. 
I 

containment controls; conventional commonplace; 

Protection excavation and increased construction ICs easy to implement 
covers; exposure adds to risk to community; administratively. 

pathways prevented; risk to workers would 
adequacy and reliability require mitigation; adverse 

of ICs depend on environmental effects may 
monitoring and 

I 
occur from fugitive dust; 

maintenance of covers environmental effect from 
and other land use and covers will be low; time to 

deed restrictions. complete is approximately 
2 years. 
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Very Good 
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Good 
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Table 5-3. Summary of Comparative Analysis of Soil Alternatives (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Long-Term 
Effectiveness and 

Soil Alternative Permanence 

Alternative S-4: Excellent 
Excavation and 

Off-Site Disposal of Effective in the long-

Tier 1 and Tier 2 term because potential 

Locations, unacceptable risk from 

Followed by soils with non-

Covers, ICs, ubiquitous metals and 

Shoreline organic COCs are 

Protection, and removed and residual 

SVE risks from other COCs 
are reduced through 

covers; exposure 
pathways prevented; 

adequacy and reliability 
of ICs depend on 

monitoring and 
maintenance of covers 
and other land use and 

deed restrictions. 

Notes: 

1. = Based on net present value 

COC = chemical of concern 

IC = institutional control 

RAO = remedial action objective 

SVE = soil vapor extraction 

Reduction of Mobility, 
Toxicity, or Volume 
through Treatment 

Good 

With the exception of 
SVE, does not 

reduce the mobility, 
toxicity, or volume of 

chemicals in soil 
through active 
remediation. 

I 
I 
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Short-Term Effectiveness 

Good 

i Risk to community may 
occur by excavating and 

transporting contaminated 
soils but minimized with 
containment controls; 
increased construction 

adds to risk to community; 
risk to workers would 

require mitigation; adverse 
environmental effects may 
occur from fugitive dust; 

environmental effect from 
covers will be low; time to 
complete is approximately 

2 years. 
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Implementability 

Very Good 

Technically feasible although 
significant volume of activity; 
easily implemented because 

technologies are 
conventional commonplace; 

ICs easy to implement 
administratively. 

~ 

• 
Cost1 

Good 
-

$50.2 million 
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Table 5-4. Comparative Analysis of Groundwater Remedial Alternatives for Parcel E 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Alternative GW-1: No Action Not Not 0 0 • Protective Applicable 

Alternative GW-2: ICs and Long-Term Not Does Not 0 0 .) 
Groundwater Monitoring Protective MeetARARs 

Alternative GW-3A: Groundwater Containment, 
In-Situ Bioremediation, Monitored Natural Protective Meets I) • • ARARs Attenuation, and ICs 

Alternative GW-3B: Groundwater Containment, Meets 
In-Situ Bioremediation, Zero-Valent Iron Reduction, Protective ARARs l l 
Monitored Natural Attenuation, and ICs 

Alternative GW-4: Groundwater Containment, 
Protective Meets () In-Situ Bloremedlatlon, Air Sparging, Monitored ARARs 

Natural Attenuation, and ICs 

Notes: 

• $0 0 

• $2.6 0 

$4.5 

$5.7 • 
• $5.9 

a Overall protection of human health and the environment and compliance with ARARs are th'eshold criteria and alternatives are judged as either meeting or not meeting the criteria. 

ARARs applicable or relevant and appropriate requirements 
ICs inslitutional controls 
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Table 5-5. Summary of Comparative Analysis of Groundwater Alternatives 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

' ' . Reduction of Mobility, 
Groundwater Long-Term Effectiveness Toxicity, or Volume 
Alternative and Permanence through Treatment Short-Term Effectiveness Implementability Cost1 

Parameters considered: Parameters considered: Parameters considered: Parameters considered: Parameters 

■ Magnitude of ■ Anticipated ■ Exposure of the ■ Technical and considered: 

residual risks capability to reduce community during . administrative feasibility of ■ Capital costs 
■ Adequacy and toxicity, mobility, or implementation implementing an ■ Operations 

reliability of release volume of 
■ Exposure of the alternative and 

controls chemicals workers during ■ Availability of required maintenance 
construction resources and materials costs 

■ Environmental effects r■ Ability to construct the 

■ Time required to technology 

achieve RAOs ■ Reliability of the 
technology 

■ Monitoring considerations 
■ Availability of equipment 

and specialists 

Alternative Not Acceptable Poor · Excellent Excellent Excellent 
GW-1: No 

Unacceptable risk to Does not reduce the No short-term risk because Readily implementable. No costs incurred. Action 
human health; poor mobility, toxicity, or no active remediation 

adequacy and reliability volume of chemicals in activities are proposed. 
of controls. groundwater through 

treatment. 
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Table 5-5. 

Groundwater 
Alternative 

Alternative 
GW-2: ICs and 

Summary of Comparative Analysis of Groundwater Alternatives (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Reduction of Mobility, 
Long-Term Effectiveness Toxicity, or Volume 

and Permanence through Treatment Short-Term Effectiveness 
-- ---- - == --- •-=.=-~-=~- 'CC" - --~ a-- - ,.-==' 

Poor Poor Very Good 

Reduces risk by Does not reduce the ICs implemented in less 

lmplemen~ability 
=-=----<.... ....=....-,...--·- "-----"=-~~- '--~-1--

Excellent 

Technically and Long-Term 
Groundwater eliminating exposure mobility, toxicity, or than 6 months; minimal administratively feasible; long-

Monitoring pathway to potential volume of chemicals risks to the community, term monitoring requires a 
human receptors; vapor through treatment. workers, and the moderate level of routinely 
entry through building environment by monitoring available resources. 
slabs and utility lines well installation and 
mitigated through ICs groundwater sampling. 

specifying future 
construction practices. 

Does not reduce 
concentrations of COCs 

or COECs; adequacy 
and reliability depend on 
maintenance of access 

restrictions and the 
·, reliability and adequacy 

of long-term monitoring 
program. May not 

reduce potential risk to 
ecological receptors. 
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Cost1 
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Very Good 

$2.6 million 
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Table 5-5. · Summary of Comparative Analysis of Groundwater Alternatives (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Reduction of Mobility, 
Groundwater Long-Term Effectiveness I Toxicity, or Volume 
Alternative and Permanei:ice i through Treatment Short-Term Effectiveness Implementability I 
Alternative Very Good 

i 
Very Good Very Good · Very Good I 

' ' GW-3A: 
1-Reduces risk by cleaning ! Toxicity and volume of No health risks to Slurry walls would be Groundwater 

Containment, up groundwater. COCs and COECs community; minimal risk to challenging to implement, and 

ISB, MNA, and Eliminates exposure reduced at the source; workers during pre-design investigations 

ICs pathway to potential risk of mobility groundwater sampling; would be required to identify 
human receptors through addressed through some potential fcir subsurface obstructions. 

ICs until completion of containment at Site IR- construction-related Injection treatment is feasible; 
remedy; vapor entry 02 Northwest metals injuries during remediation; . treatment requires moderate 

through building slabs plume. minor environmental level of resources. 
and utility lines mitigated effects; active treatment 
through ICS specifying implemented in 3 years or 

future construction less. 
practices; adequacy and 

reliability depend on 
maintenance and 

enforcement of access 
restrictions; includes 

permanent solutions not 
dependentonlCsinthe 

long term. --
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Good 

$4.5 million 

ERRG 



Table 5-5. Summary of Comparative Analysis of Groundwater Alternatives (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

: 
Reduction of Mobility, 

Groundwater Long-Term Effectiveness Toxicity, or Volume 
Alternative and Permanence through Treatment Short-Term Effectiveness Implementability 

Alternative Very Good Very Good Very Good Very Good 
GW-3B_: 

Reduces risk by cleaning Toxicity and volume of Risk to community may Slurry walls would be Groundwater 
Containment, up groundwater. COCs and COECs occur by transporting challenging to implement, and 

ISB,ZVI Eliminates exposure reduced at the source; contaminated soils; pre-design investigations 

Reduction, pathway to potential risk of mobility minimized with would be required to identify 

MNA, and ICs human receptors through addressed through containment controls. No subsurface obstructions. 
ICs until completion of containment at Site IR- health risks to community Injection treatment is feasible; 
remedy; vapor entry 02 Northwest metals during treatment; minimal treatment requires moderate 

through building slabs plume. · risk to workers during level of resources; treatment 
and utility lines mitigated groundwater sampling; period for Building 406 TCE 
through ICs specifying some potential for Plume would be reduced to 

future construction construction-related less than 1 year. 
practices; adequacy and injuries during remediation; 

reliability depend on minor environmental 
maintenance and effects; active treatment 

enforcement of access implemented in 3 years or 
restrictions; solutions not less. 
dependentonlCsinthe 

long term. 
I 
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Cost1 

Poor 

$5.7 million 
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Table 5-5. Summary of Comparative Analysis of Groundwater Alternatives (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Reduction of Mobility, 
Groundwater Long-Term Effectiveness Toxicity, or Volume 
Alternative and Permanence through Treatment Short-Term Effectiveness 

Alternative Good Good I Good 
GW-4: 

Reduces risk by cleaning Toxicity and volume of [ Risk to community may Groundwater 
Containment, up groundwater. COCs and COECs occur by transporting 

ISB, Air Eliminates exposure reduced at the source; contaminated soil; 

Sparging, MNA,: pathway to potential_ voe removal and minimized with• 

andlCs human receptors through treatment efficiency i 
containment controls. No 

ICs until completion of affected by ' . health risks to community I 
· remedy; vapor entry heterogeneous soils; during treatment; minimal 
through building slabs risk of mobility risk to workers during 

and utility lines mitigated addressed through groundwater sampling; 
through ICs specifying containment at IR-02 some potential for 

future construction Northwest metals construction-related 
practices; stripping of plume injuries during remediation; 

dissolved phase operation of the SVE and 
contaminants from air sparging system 

groundwater may be contributes significantly to 
challenging in air emissions and energy 

heterogeneous soils; usage because of the 
adequacy and reliability equipment use. 
depend on maintenance 

and enforcement of 
access restrictions; 

solutions not dependent 
on ICsinthelongterm. 

Notes: 

1. = Based on net present value 

AS = air sparging IC = institutional control 

COC = chemical of concern ISB = in-situ bioremediation 

COEC = chemical of ecologicai concern MNA = monitored natural attenuation 
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Implementability 

Very Good 

Slurry walls would be 
challenging to implement, and 

pre-design investigations 
would be required to identify 

subsurface obstructions. 
Injection treatment is feasible; 
treatment requires moderate 
level of resources; additional 

data would be required to 
determine a sufficient density 
of air sparging and SVE wells; 

to be implemented in 
conjunction with 
Alternative S-4. 

RAO = remedial action objective 

SVE = soil vapor extraction 

ZVI = zero-valent iron 

• 
Cost1 

Poor 

$5.9 million 

ERRG 
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Table 5-6. Comparative Analysis of NAPL Remedial Alternatives for Parcel E 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Alternative N-1 : No Action Not 
Protective 

Alternative N-2: Source Containment, Long-Term Protective 
Monitoring, and ICs 

Alternative N-3: Source Removal or Treatment, 
Protective 

Containment, MNA, and ICs 

Alternative N-4A: Source Removal or Treatment, 
Groundwater Treatment by In-Situ Bloremediation, Protective 
Containment, MNA, and !Cs 

Alternative N-48: Source Removal or Treatment, 
Groundwater Treatment by Steaming, Protective 

Containment, MNA, and ICs 

Alternative N-5: Source Removal by Excavation 
and NAPL ExtractionfTreatment, Groundwater Protective 
Treatment by In-Situ Bloremediatlon, MNA, and ICs 

Alternative N-6: Source Removal by Excavation, 
Protective 

MNA, and ICs 

Notes 

No 

Meets 
ARARs 

Meets 
ARARs 

Meets 
ARARs 

Meets 
ARARs 

Meets 
ARARs 

Meets 
ARARs 

0 

C) 

C) 

C) 

C) 

C) 

.) 

0 

0 

C) 

t > 

0 

• 
t 1 

C) 

0 

• $0 0 

t ) $1.7 

t ) $13.1 

t) $14.7 

C) $16.2 

t) $22.0 

0 $21.8 

a Overall protection of human heal!h and !he environment and compliance wl!h ARARs are !hreshold crttorta and alternatives are Judged as either meeting or not meeting !he cnteria. 

ARARs applicable or relevant and appropriate requirements 
ICs lnsbtutional controls 
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Legend: 

0 Not acceptable 

0 Poor 

C) Good 

• Very Good 

• Excellent 
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Table 5-7. . Summary of Comparative Analysis of NAPL Alternatives 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

NAPL Alternative 

Alternative N-1 : No 
Action 

Long-Term Effectiveness 
and Permanence 

Parameters considered: 

• Magnitude of residual 
risks 

• Adequacy and 
reliability of release 
controls 

Not Acceptable 

Unacceptable risk to 
human health; poor 

adequacy and reliability of 
controls. 

Reduction of Mobility, 
Toxicity, or Volume 
through Treatment 

Parameters 
considered: . 

• Anticipated 
capability to 
reduce toxicity, 
mobility, or volume 
of chemicals 

Poor 

Does not reduce the 
mobility, toxicity, or 

volume of chemicals in 
the environment 

through treatment. 
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Short-Term Effectiveness 

Parameters considered: 

• Exposure of the . 
community during 
implementation 

• Exposure of the 
workers during 
construction 

■ 

■ 

Environmental effects 

Time required to 
achieve RAOs ·· 

. Excellent 

No short-term risk because 
no active remediation 

. activities are proposed. 
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Implementability 

Parameters considered: 

• Technical and 
administrative feasibility 
of implementing an 
alternative 

• Availability of required 
resources and materials 

■ 

■ 

Ability to construct the 
technology 

Reliability of the 
technology 

• Monitoring 
considerations 

• _Availability of equipment 
and specialists · 

Excellent 

Readily implementable. 

• 
Cost1 

I Parameters 
' considered: 

• Capital costs 

•. Operations 
and 
maintenance 
costs 

Excellent 

No costs 
incurred. 



Table 5-7. Summary of Comparative Analysis of NAPL Alternatives (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Reduction of Mobility, 
Long-Term Effectiveness Toxicity, or Volume 

NAPL Alternative and Permanence through Treatment Short~Term Effectiveness 

Alternative N-2: Good Poor Very Good 
Source Containment, 

Effective in the long-term Risk of mobility Increased construction Long-Term 
Monitoring, and because containment addressed through traffic may cause risk to 

Institutional Controls reduces risks and cuts off containment around community; constructing 
exposure pathways, source area. Does not covers may cause risk to 

adequacy and reliability of reduce the toxicity, or workers; minor 
ICs depend on monitoring volume of chemicals in environmental footprint; 
and maintaining covers. soil through treatment. activities likely to be 

completed in 1 year. 

Alternative N-3: Good. Good Very Good 
Source Removal Or 

Reduces risk through Source treatment Source removal or Treatment, 
Containment, MNA, source removal/treatment elements reduce the treatment may cause risk to 

andlCs and containment; toxicity and mobility'of workers that would require 
adequacy and reliability COCs and COECs in mitigation; moderate 
depend on maintenance NAPL and soil. environmental footprint; 
of deed restrictions and source removal/treatment 

the reliability and implemented in 
adequacy of long-term 3 years or less. 
monitoring program. 
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Implementability Cost1 

Very Good Very Good 

Slurry walls would be $1.7 million 
challenging to implement, 

and pre-design 
investigations would be 

required to identify 
subsurface obstructions; 

covers technically feasible 
and easily implemented; ICs 

are easy to implement 
administratively. 

Very Good Good 

Slurry walls would be $13.1 million 
challenging to implement, 

and pre-design 
investigations would be 

required to identify 
subsurface obstructions; 

covers technically feasible 
· and easily implemented; site 

conditions pose challenges 
to cost-effectively 

implementing source 
removal/treatment but 
. challenges could be 

.addressed by effectively 
using multiple technologies 

in combination. I 



• • 
Table 5-7. Summary of Comparative Analysis of NAPL Alternatives (continued) 

Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Reduction of Mobility, 
Long-Term Effectiveness Toxicity, or Volume 

NAPL Alternative and Permanence through Treatment Short-Term Effectiveness 

Alternative Good Very Good Very Good 
N-4A: Source 

Reduces risk through Mobility, toxicity and Source removal or Removal or 
Treatment, source removal/treatment, volume of COCs and . treatment may cause risk to 

Groundwater groundwater treatment, COECs in NAPL, soil; .. workers requiring 

Treatment by ISB, and containment; . and groundwater mitigation; moderate 
adequacy and reliability reduced through environmental footprint; Containment, MNA, 
depend on maintenance treatment. source removal/treatment and ICs, 
of deed restrictions and implemented in 3 years or 

the reliability and less. 
adequacy of long-term 
monitoring program. 

Alternative Good Very Good Good 
N-4B: Source -·-

Same as Same as Source removal or 
Removal or Alternative N-4A. Alternative N-4A. treatment may cause risk to 
Treatment, workers; increased 

Groundwater environmental footprint due 
Treatment by to energy demand of 

Steaming, steaming process; source 
Containment, MNA, removal/treatment 

andlCs implemented in 3 years or 
less. 
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Implementability Cost1 

Very Good Good 

Slurry walls would be $14.7 million 
challenging to implement, 

and pre-design 
investigations would be 

required to identify 
subsurface obstructions; 

covers technically feasible• 
and easily implemented; site 
conditions pose challenges 

to cost-effectively 
implementing source 
removal/treatment but 
challenges could be 

addressed by effectively 
using multiple technologies 

in combination. 

Good Good 
---·---

Site conditions pose $16.2 million 
challenges to cost-effectively 

implementing source 
removal/treatment but 
challenges could be 

addressed by effectively 
using multiple technologies 
in combination; steaming -
process could be more 

difficult to implement (due to 
increased energy demand). 



Table 5-7. Summary of Comparative Analysis of NAPL Alternatives (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

Reduction of Mobility, 
Long-Term Effectiveness Toxicity, or Volume 

NAPL Alternative and Permanence through Treatment Short-Term Effectiveness 

Alternative N-5: Good Very Good Good 
Source Removal and 

-----·--- -·--

Same as Same as Source removal or 
NAPL Alternative N-4A. Alternative N-4A. treatment may cause risk to 

Extractionrrreatment, workers requiring 
Groundwater mitigation; risk to 

Treatment by ISB, community may occur by 
Containment, MNA, excavating and transporting 

andlCs contaminated media, but 
minimized with containment 

controls; moderate 
environmental footprint; 

source removal/treatment 
implemented in 3 years or 

less. 

Alternative N-6: Very Good Poor Poor 
Source Removal by 

Effective in the long-term Does not reduce the Large-scale, deep Excavation, MNA, 
andlCs 

by reducing risk from mobility, toxicity, or excavation poses acute risk 
COCs and COECs volume of chemicals in to workers and wildlife in 

through excavation and the environment bay requiring mitigation; 
off-site disposal; through treatment. risk to community may 

adequacy and reliability occur by excavating and 
depend on maintenance transporting contaminated 
of deed restrictions and media, but minimized with 

the reliability and construction controls; 
adequacy of long-term increased construction 

monitoring program (while significant environmental 
aquifer recovers following footprint; removal 

removal). implemented in 
approximately 1 year. 
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Implementability Cost1 

Very Good Poor 

Excavation arid covers are $22.0 million 
technically feasible; slurry 
walls would be challenging 

to implement, and pre~ 
design investigations would 

be required to identify 
subsurface obstructions; site 
conditions pose challenges 

to cost-effectively 
implementing source 
removal/treatment blJt 
challenges could be 

addressed by effectively 
using multiple technologies 

in combination. 

Poor Poor 

Excavation and off-site $21.8 million 
disposal are commonplace 
and feasible technologies, 
but significant challenges 

associated with deep, large-
scale excavation along the 

shoreline of the bay; 
requires significant 

resources and planning to 
mitigate risks. 

' I 



• 
Table 5-7. 

Notes: 

Summary of Comparative Analysis of NAPL Alternatives (continued) 
Feasibility Study Report for Parcel E, Hunters Point Shipyard, San Francisco, California 

1. = Based on net present value 

COCs = chemicals of concern 

COECs = chemicals of ecological concern 

ICs = institutional controls 

ISB = in-situ bioremediation 

MNA = monitored natural attenuation 

NAPL = nonaqueous-phase liquid 

RAOs = remedial action olJjectives 
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